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CHAPTER I
INTRODUCTION

HISTORICAL REVIEW-T1SRMINPLOGY
The spleen has been the subject of many investigations*

Most

of this investigative work has been perf otrmed in an attempt to
elucidate the overall function of this o:rlgan*

These investigations

have shown the spleen to be involved in tjhe following functions:
(1) removal of worn out erythrocytes fron the circulatory system;
(2) extraction of iron from hemoglobin, tjhus permitting the iron to
be used over again in the bone marrow for the manufacture of new
hemoglobin; (3) production of antibodies that aid in protection
from various organisms; (4) serving as a hemopoietic organ in
early embryonic life and capable of being reactivated to similar
activity in later life if the need arises ; (5) production of many
of the lymphocytes that are present in ttye blood of adult animals;
(6) in some animals, acting as a blood r eservoir, liberating stored
blood into the circulation in times of ntyed.

Another area with

voluminous publications involves the conti:roversy of open versus
closed circulation which has not as yet been satisfactorily resolved,
The current area of interest is concerned with establishing the finer
morphological details of the entire organ in hopes of solving the
1

circulatory problem, as well as clarifying or adding knowledge to
the overall functions of the spleen.
regarding this latter statement.

One exception may be noted

Very little material has been

published recently concerning a peculiar Anatomical entity, the
ellipsoid sheaths of Schweigger-Seidel.
The ellipsoid sheaths are specialized structures encircling
branches of the penicillar arteries in the spleens of certain animals.
These structures were first reported in the spleens of certain
fowl by Billroth (10) in 1857*

They do not bear his name since he

did not give an extensive description of these structures.
name

The

Schweigger-Seidel has been associated with them since

Schweigger-Seidel (106) followed in I863 with more detailed
descriptions and measurements of these sheaths in certain
mammalian spleens.

Muller (78 ) expanded the description of the

sheath to fish, reptiles, birds and carnivores in 1865.

He also

was the first to apply the term "ellipsoid" to this structure
because of its characteristic shape.

Thus

arose the present term,

ellipsoid sheath of Schweigger-Seidel.
When present, the ellipsoids are found at a definite locus
on the splenic arterial tree.

Trabecular arteries radiate within

trabeculae as branches of the entering sjilenic arteries.

Upon

leaving the trabeculae they lose their titabecular support but gain
other support by having lymphoid tissue (diffuse and nodular)
condensed along their course.

The vessels are now called white

pulp arteries*

A follicular (nodular) ar tery arises from the white

pulp artery at each lymphatic nodule to su.pply the nodule*
Solnitzsky (115) has shown that each white pulp artery upon entering
the red pulp divides into two to six reas inably straight radiating
branches known as penicillar arteries,

Tiie classic description

has the penicillar artery divided into thr ee segments:

(1) red

pulp artery, running from lymphoid sheath to ellipsoid; (2) ellipsoid
sheathed portion, running through an ellijpisoid; and (3) terminal arterial
capillary, running from ellipsoid to its termination*

Therefore,

if ellipsoids are present, they are always located on the middle
segment of a penicillar artery*

I•WHS IICAL REVIEW-MORPHOLOGY
Many morphological descriptions ha
ve been given for the
ellipsoids*

They were first described as terminations of splenic

nerves or fibrous thickenings of the ad'venititia of axial vessels by
Muller (78)*

Kyber (60) and Kultschitzky (59) considered them as

loosened adventitia infiltrated with lym;tdhocytes, thus closely
resembling Malpighian corpuscles.

Simil arily, Mall (69, 70) believed

that the ellipsoids were continuations of Malpighian lymphatic sheaths
onto the lobular arteries.

MacNeal (68) considered the ellipsoids

as possible embryonic structures capable of developing into follicles
as the occasion may demand*

Bannworth (2) and Staeramler (116)

claimed the sheath to be a growth center for splenic pulp, being

functional only during embryonic life.

The sheath was reported to

consist of a loose network of irregular collagenous fibers and
pulp reticulum by Carlier (19) and Greschiic (38).

Janossik (51)

considered a loose network of smooth muscle cells to be a constituent
of the sheath.

Whiting (13*0» likewise, tbought the ellipsoid to

be composed of several rings of nucleated spindle cells, which were
assumed to be muscle cells.

In addition to the rings of spindle

cells, which were supposedly more developed near the periphery,
Whiting reported the presence of a few lymph-oid cells scattered at
irregular intervals throughout its substanjc e.

As early as I 87O,

Kyes (61) reported the ellipsoids to be 1 ocal:ized condensations of
splenic pulp.

Later, Mills (76 ) described the sheaths to be composed

of mononuclear phagocytic cells embedded i n a specialized reticular
network.

Reidel (98) and Oberniedermayr

of a thick rigid reticulum.

( 8*0

also described the presence

Similarly, molire recent investigators,

Robinson (102), Foot (33)» Li, Garvin and Mole (65), Solnitzsky (115)
and Bargmann (h), considered the ellipsoids to be a network of
reticular fibers infiltrated with intensely phagocytic reticular cells,
Thus, they were shown to be an integral pa|rt of the reticuloendothelial
system.

H^,
TOaiCA^.Jl£HEWTiVJUSiMSi
The proposed function of these peculiar bodies has been
correlated somewhat with their morphologic*al descriptions.

Therefore,

it is natural to expect that one would fird a great many variations

in regards to ellipsoidal functions.

Various theories have been pro

posed to explain how the ellipsoid may act on the vascular system
from its strategic location on the penicillar artery.

Billroth (10)

first postulated that this “new" structure may serve as support for
the enclosed arterial vessel,

ifiller (78 ) considered it to be a

neurological organ containing the terminations of splenic nerves.
Bannworth (3) believed the ellipsoid to act as a growth center for
the splenic pulp, thus contributing to and maintaining the substance
of the splenic pulp by constant proliferation.

Staemraler (116)

similarly postulated that ellipsoids may serve as precursors of the
splenic pulp.

Kultshitxky (59) and Mall (69,

70)

believed the

ellipsoids to be prolongations of the Malpighian corpuscles onto
the penicillar artery, thus capable of producing lymphocytes.

MacNeal

(68) considered the sheaths as embryonic structures that in time of
need could develop into follicles.
One of the most often mentioned functions of the ellipsoids
is that of acting as a filtering mechanism.

Schweigger-Seidel (106)

was the first to suspect that the ellipsoids might serve to filter
material from the blood.

This view has I.ater been supported by

the following investigators*

Teitel-Bernard (121), Robinson (102),

Id, Garvin and Mole (65), MacKenzie et al. (67), Weiss (129), and
Zwillenberg (l&L).

In asstuning a filtering action, one has to consider

that the ellipsoidal (axial) capillary aiid the ellipsoid sheath are
porous to whatever material is being filtered.

This has led to much

6
controversy which will be discussed later in this paper*

Lewis (63),

aware of the ellipsoids* intimate relatior^iship to venous sinusoids,
thought they may act as short circuits or arterio-venous shunts
for the passage of plasma through the elli psoids directly into
the investing venous sinusoids without pa 4sing through the pulp
proper*
Another proposed function which h ad a substantial number
of followers was that the ellipsoids actec as one-way valves*
Among these researchers were such notables as Heidenhain (44),
Watzka (126), Oberniedermayr (84), Tait and Cashin (119), end
McNee (70).

The sheaths were considered 1.0 prevent the reflux of

venous blood into the arterial system duri ng contractions of the
capsule and the trabeculae*

This was coinotdered quite important

since neither the splenic nor the portal Veins contain valves*
Still another prominent proposed i'unction, closely related
to the latter, considered the ellipsoid to act as a vascular constrictor
controlling the lumen of the axial capill ary and thus serving as
a protective mechanism against stress duri
ing pressure changes and
thus regulating blood flow through the ca ]j>illaries of the spleen*
The adherents of this theory were Weidenre ich (127), Reidel (98),
Janossik (51), Henschen and Reissinger (46 ), Knisely (55), Zwilleriberg
(141), Heidenhain (44) and Oberniedermayr (84)*

It is noteworthy

to add that saveal investigators consider od the sheath to have the
dual purpose of controlling the lumen size as well as filtering

material from the blood*
Lillie, as cited by Krumbhaar

(58) ,

conceived of the ellipsoids

as possible pressor# reducing meshes homoijlogous to the marginal
zone surrounding

follicles.

The latest and most substantiated proposed function places
the ellipsoids as an integral part of the reticuloendothelial system*
The basis of this proposal has been subst antiated by the cells* selectlve

and intense phagocytosis of particuLate matter (Mills, 1926),

by their ability to develop into n&grat'iorjr phagocytic cells during
inflammation, and by their capacity to pr bliferate and degenerate
(Solnitzsky, 1937)*

The works of Staemml or (116), Bargmann (4), and

Robinson (102) agree with these observati ons*
Jacobsen (50), noting the great var:lability that exists in
respect to ellipsoids in various animals, postulated that ellipsoids
may have different functions in different animals*

His histochemlcal

studies of two enzymes, acid phosphatase and non-specific esterase,
seem to confirm this hypothesis*

Acid ph osphatase activity was

found in both dog and cat ellipsoids; wh er eas, non-specific
esterase activity was found to be lacking in the ellipsoids of dog
spleens but present in the cat*

TTT.T.T
Much of the controversy noted ab<OV<e concerning the morphology
and function of ellipsoids is due to the extreme variability of
these structures in regard to existence, location, size and shape

8
within various animals.

The first report] of their presence or

absence was made by Schweigger-Seidel (106)*

He reported sheaths

in the dog, cat, calf and pig but was unajble to observe them in
the horse, guinea pig or rabbit*

Later, Solnitzsky (115) confirmed

their absence in rabbits while the transipLlumination studies of
MacKenzie et al (67) verified the presence of ellipsoids in cat spleens*
Snook's (110) comparative study of spleens showed them to be absent
in the mouse, rat and guinea pig and to be present in the bat, cat,
cow, horse, man, mole, monkey, pig, skunk, squirrel and weasel.
species were not reported*

The

In an early publication, Whiting (13*0

reported all spleens to have either true ellipsoids or continuous
stretches of an ellipsoidal sheath, which he described as a continuous
sheath of almost structureless tissue, variable in thickness with
undulating surface and embedded with a few large clear cells and
some smaller lymphoid cells*
report of MeNee (7*0*

Closely associated with this is the

He stated that ellipsoids were present in the

spleens of all animals, but that they varied greatly in their prominence
even when demonstrated by special methods: of staining.
Variations in ellipsoid size occir in different animals*
Reidel (98) found the ellipsoids to be lirge and clearly defined
in the pig, cat and dog} smaller in the horse and cow; and very
small and indistinct in man*

Likewise, Vatzka (121) reported them

to be well developed in the pig, dog, cat and hedgehog} numerous
in the ermine, weasel and squirrel; and ]>oorly developed and indistinct

9
in man, horse, sheep and guinea pig*

Snook (110) reported the

average length and width of ellipsoids in twelve different animals.
The ellipsoids were found to range from 218 by 90 u in the mole to
40 by 11 u in the cow.
by

38

Snook's measureme:its for the dog were 80

u and for the cat

cited measurements of
cat respectively*

100

220

b y 46 u while Schweigger-Seidel (106)

by

80

u and

160

by 40 u for the dog and

Realizing that the measurements depend upon the

fixation and staining techniques employed, Jacobsen (50) made
measurements from spleens prepared by various techniques.

He found

the dog ellipsoid to average 142 by 53 u while that of the cat averaged
164 by 46 u*
This variation in ellipsoid size ilso exists among ellipsoids
of the same spleen.

Robinson (102) reported the ellipsoids of dogs

and cats to vary from 34 by 80 u to 140 by

170

u.

By an examination

of spleens from human newborn and adults, Solnitzsky (115) found
no relationship between the size of the ellipsoid sheath and the
age of the individual.

Therefore, the significance of this variation

remains uncertain.
Ellipsoid shapes are also quite v i triable.
described two basic shapes:

Solnitzsky (115)

the elongated or tubular, as seen in

dog spleens; and the spherical or ellipsoidal shape, as seen in the
cat spleen.

Deviations from these basic ]>atterns are of course

found in other ellipsoid-containing spleens.

The majority of the

ellipsoids are single structures containing one axial vessel although

10
more than one vessel may be found within an ellipsoid*

If the

vessel within the sheath divides and branches, the ellipsoid
likewise branches and continues with the vessel for a short distance*
One can easily visualize the array of shapes and patterns that could
result from this process.

Solnitzsky (115) has also shown that

more than one ellipsoid can be arranged upon a single branch*

If

more than one does occur, the efferent arteriole from the first
ellipsoid becomes the afferent arteriole Cor the second ellipsoid*

R W I QNSHXP TP .m -fM ^§JM BSBS
Ellipsoids are usually in more or less close relationship
to the blood sinuses when both are presen|t in the same spleen*
Haller (78) was probably the first to re po:>rt a vascular sinus around
the ellipsoids of bird spleens.

A sirailar sinus was described by

Whiting (13*0 around the ellipsoids of ma nmals*

Carlier (19) was

unable to confirm Whiting’s findings in a|ll cases*

Snook (110)

divided mammalian spleens into two groups];; sinusal and non*sinusal*
The red pulp of the non-sinusal group con tained few branched primordial
veins leading from the pulp meshes into collecting veins.

The

spleens of the mouse, mole, cat, horse, d<ow, pig,weasel and bat
belonged to this group.

The sinusal grou;p consisted of spleens in

which the red pulp contained an elaborate anastomosing plexus of
true sinuses.

To this group belong the s|pleens of the rat, guinea

pig, rabbit, dog, man, squirrel and skunk

This classification was

11
further subdivided into spleens with or wi thout ellipsoids*

Of the

animals listed, the mouse spleen was the only one in the non-sinusal
group that lacked ellipsoids as well as s|:inuses*

A similar

subdivision in the sinusal group showed thie spleens of the dog, man,
squirrel and skunk to contain ellipsoids in addition to sinuses.
In such animals, the ellipsoids were fou:rd either in close proximity
to a venous sinus, projecting into a sinu s, or surrounded by
several venous sinuses*
Bannworth (3) and Carlier (19) r<ejported that an open
communication existed between the periph ery of the ellipsoid and
the meshwork of the red pilp allowing blc|od to percolate through in
proper channels*

When a sinus surround! ng the ellipsoid was present,

a communication from ellipsoid to sinus w|ias thought to exist.

It was

suggested that this arrangement made it possible for the plasma,
which escapes with the fine particles fr om the blood within the
axial vessel, to pass directly to the sinuis.

Although Lewis (63 )

could find no arterial capillary opening into a sinus, he similarly
suggested that the ellipsoid may act as a short circuit or arteriovenous
shunt conveying probably only plasma via their contained tissue
spaces, directly from arterial capillary to the investing venous
sinusoids, without traversing the pulp pro;per*
Later investigations by tails (76) , Weidenreich (127), Tait
and Cashin (119) and Solnltzsky (115) coul<d not confirm the presence
of such channels.

In no base was there ever found a direct

communication between a sheath and the adi acent venous sinuses.

A

small lamina of splenic parenchyma always separated the two.

The anatomical nature of the axial vessel has perplexed
investigators for many years.
has not yet been shown.

The exact nature and significance

Previously, the vessel passing through the

ellipsoid was called an artery by nature of the blood it carried.
This point was clarified by Solnitzsky's (1 15 ) observation that the
first part of the penicillar artery had a definite, delicate intima,
consisting of endothelium and a thin sube ldothelial layer of delicate
collagenous fibers, with no elastica interna; a thin media of two or
three layers of smooth muscle cells with :io elastica externa; and a
still thinner adventitia of collagenous aid elastic fibers.

As

soon as this penicillar artery branches, :Lt loses the structural
characteristic of an artery to become a cipillary consisting of
an endothelial tube surrounded by a singls layer of circular
reticular fibers with no elastic or muscular fibers.

Mills (76),

likewise, showed the circular coat of smooth muscle cells to end
when the ellipsoid began.

Therefore, in keeping with these observations,

the vessel in question will be called the axial capillary in this study,
Reports concerning the diameter o:f the axial capillary are
contradictory.

Li, Garvin and Mole (65) reported the capillary to

be extremely narrow within the ellipsoid, being larger in diameter
on both the proximal and distal ends of the ellipsoids.

Kyes (6l),

13
reporting similar results, gave measurements of 6-8 u for the capillary
lumen with both ends being somewhat larger.

This fact concerning the

lumen being smaller when passing through in ellipsoid was believed
to be true only of fixed sections b y Knisely (55)•

He found the

diameter to vary according to the physiological state of the
ellipsoid.
Recent investigations by Zwilleriberg (140) and Weiss (128)
have shown the endothelial cells of dog axial capillaries to contain
conspicuous cytoplasmic elements of about 75-80 A in diameter
running parallel to the vascular channels.•

Both have indicated

that these cytoplasmic elements may give a contractile capacity to
the endothelium.
'

Zwilleriberg (140) also reported the presence of

unmyelinated axons and Schwann cells in the sheath.

The fact that

these unnjyelinated axons were found to be in contact with the endothe
lial cells further led him to believe that the filtering and vasomotor
action of the sheath is to be attributed
due to contractility of the endothelial cells.

Weiss (128) thought

the cytoplasmic elements resembled delicate fibers seen in the
extracellular connective tissue, especially in preparations in
which the ground substance was washed out.•

Further work along this

line is needed to help clarify the importance of these cytoplasmic
fibers.
A controversy has arisen regardirig whether or not the axial
capillary is porous.

Morphological descriptions of this endothelial

lining are in conflict with the physiolog:leal evidence obtained*
Many

investigators have seen red blood emails among ellipsoid cells*

Snook (110) reported the presence of free erythrocytes in the
ellipsoidal meshwork of mole spleens*

Msxlracow (73 ) has stated

that erythrocytes are present among the c)ells and fibers of all
ellipsoids*

The ellipsoids are the first site in the spleen of

accumulation of injected particulate matt'er*

The mechanism or

pathway involved in this transportation i s uncertain*

Such investi-

gators as Bannworth (3), Staeramler (116), Obemiedermayr (84),
Teitel-Bernard (121), Robinson (102), Tai t and Cashin (119 ) and
Mills (76) have considered the axial ves sle.CL to be perforated,
allowing material to escape from the blO'od stream into the meshwork
of the ellipsoid*

Mills (76) also repor ted that a certain amount

of material could reach the periphery of the ellipsoid from the
red pulp*

Li, Garvin and Mole (65) were able to find perforations

in the axial capillary of a pig but could not find any in the dog*
Passalacqua (88) injected the arterial sylstern with a 2$ aqueous
solution of trypan blue, made

100

u thick sections, dehydrated them

in alcohol and cleared them in wintergreea oil*

He was unable to

observe ellipsoids or Malpighian corpuscle s and thus considered them
both outside of the vascular system and
was not perforated*

hat the axial capillary

The transilluminatio n studies of MacKenzie et

al (67) showed that injected ink particles lodge either on the
fibers of the sheath or within the ellipsoid cells of cat spleens
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Their work showed that in the living spleon, the axial capillary
was smoothly regular in contour and as intactly walled as similar
vessels elsewhere in the body.

Observations b y Solnitzsky (115)

and Knisely (55) have also confirmed the axial capillary to be
intact and hence not in direct communication with the meshes of
the sheath.

Weiss (129) may have shed some light on the mechanism

of transportation when he administered Thorotrast intravenously to
dogs under anesthesia.

Most of this compound was concentrated in the

ellipsoids both extracellularly and with!a intracytoplasmic
vacuoles of sheath cells.

Moreover, Thorotrast was found in the

endothelium and basement membrane of the axial capillary suggesting
a transport from the blood stream to the sllipsoidal meshwork.

p ro W M B M D p T S M A L S ff CEH QW •iflSJSiSiJiS
Since the ellipsoids are consider ad a part of the reticuloendothelial system, brief mention should 3e made here as to Just
what comprises this system.

The original reticuloendothelial system

(RES) of Aschoff and Landau, as cited by Cappell (16), consisted of
four groups*

(1) endothelium of blood anjd lymphatic vessels,

(2) fibrocytes or ordinary connective tis sue cells, (3) reticulum
cells of the spleen, both in the red pulp and Malpighian bodies,
and those of lymph nodes and other lymphold tissue, (4) endothelial
cells which line the lymph sinuses of lymphatic glands, the sinusoids
of the liver, bone marrow, suprarenal and pituitary glands as well
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as histiocytes of connective tissue and certain free mononuclear
cells found in the splenic pulp and occasionally in the blood of
internal organs.

Aschoff and Landau excluded groups 1 and 2

from the true RES since their response to acid vital dyes was
negative.

Group 3* plus the lining cells listed under group k t were

regarded as the RES in the narrowest sense,, while the addition of
the connective tissue histiocytes and monomclears constituted the
RES in its widest sense.
The name, RES, was given to these Structures because of
the relationship of these cells to the reticular fiber network
of the tissue and from the fact that these cells were frequently
found lining special channels where they served as an endothelium.
The common definition today states that the RES is composed
of those cells which are actively phagocytic toward particulate
matter or can be stimulated to assume that function.
are arranged in two ways:

Such elements

fixed reticuloendothelial cells which

are attached to reticular fibers and form an integral part of
sinusoidal walls, and free reticuloendothelial cells which are
able to wander through the tissue spaces.

Fixed phagocytic and

potentially phagocytic elements are commonly found lining the
sinusoids of the liver, spleen, lymph nodes, pituitary, suprarenal
and bone marrow.

Baillif (2) has also included the corpus luteum

of the ovary in this group since it is provided with well developed
sinusoids whose lining cells are readily stimulated to phagocytosis
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in the rat, particularly during the latter half of the estrous
cycle*

The mobile or free macrophages include the amoeboid

reticulum cells of lymph glands, spleen and bone marrow, as well as
those free in the connective tissue spaces*
Numerous investigators have described these free cells and
thus have given them various names*

The term, macrophage (big eater),

was originally given to this cell by Metschnikoff (75) to
describe its ability to take in large amounts of material*
Ranvier (95) reportedly observed portions of the cell to detach
from the main cell body and become independent*

He considered this

process of discharging protoplasm to be the essential characteristic
of these cells*

It was for this reason that he named them clasmatocytes

(fragment-cells)*

Maximow (72), aware that fixed phagocytic cells

could become free, put forth the name, resting-wandering cell*
Goldman (35) was responsible for another synonym, the pyrrhol cell*
He found injected pyrrhol blue to appear in these cells although
he assumed it was a result of staining preformed intracellular
structures*

Another name commonly used in discussing this cell is

histiocyte*

According to Akazahi (l), Kiyono was the first to

use this term*

Kiyono supposedly described a histiocytic system

similar to Aschoff’s RES even before Aschoff*

However, Kiyono's hist

iocytic system did not receive recognition since it was published
in the obscure Japanese journals*
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RETICULOENDQTHELrAL SYSTEM (RESiFTOCTION
The reticuloendothelial system’s ability to ingest
particulate matter or acid vital dyes served to show its importance
in phagocytosis.

To be phagocytic was the reticuloendothelial

cells* primary characteristic and therefore its first known function.
Besides the experimentally injected dyes and particulate matter, the
reticuloendothelial cells are capable of ingesting and segregating
tissue debris, worn out or damaged cells and bacteria.

As cited

by Seno et al (108), the work of Bessis and his associates has
helped elucidate the reticuloendothelial system's role in iron
metabolism.

Iron from the hemoglobin of phagocytized red blood cells

is first turned to hemosiderin and later to ferritin, all within the
cytoplasm of the reticuloendothelial cells.

In the bone marrow

the ferritin is released from the RES to the erythroblasts to be
used again in the heme synthesis.
The fate and mechanism of bacterial phagocytosis by the
RES has likewise received considerable attention.

Studies such

as Benacerraf and MLescher's (8) have shown that:

(l) bacteria

can be cleared from the blood very rapidly and in very large
numbers by the RES; and (2) previous immunization greatly increases
the reticuloendothelial system's ability to extract both avirulent
and virulent bacteria from the blood and improves its ability to kill
phagocytized organisms.

Unfortunately, as pointed out by Robbins

(100), certain parasites or bacteria are resistant to phagocytosis,
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and others are capable of survival within the reticuloendothelial
cells*

In fact, their intracellular survival

may permit the spread

of these infections, as the bacteria-laden phagocytes are carried
to other sites*
The macrophage, the lymphocyte and the plasma cell have all
been described as the antibody-forming cell*
and relationships remain as yet uncertain*

The exact mechanisms
La Via et al (62) have

reported a workable solution which they substantiated with considerable
factual material.

The antigen was first ingested by a reticulo

endothelial cell, whereby, the antigen was modified.

This modified

antigen then stimulates a primitive reticuloendothelial cell*

The

stimulated reticuloendothelial cell in turn divides and gives origin
to antibody-forming cells which appear to produce the antibody.

These

cells then change their appearance and develop into cells, some
of which resemble small lymphocytes, while a few resemble mature plasma
cells*

Fhagocytic cells did not transform into antibody-forming

cells nor were the antibody-forming cells capable of phagocytosis.
The RES is also associated with the process of hematopoiesis.
The various blood cell types arise from a common stem cell, formed
by mobilization of formerly fixed reticuloendothelial cells*

Stem

cells from the various lymphatic organs and lymphoid tissues may
become free and transformed into lymphocytes.

It is in connection

with this hematogenous function that the RES is of particular importance
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following exposure to radiation.

Most immature blood cells are

exceedingly radiosensitive, but the reticuloendothelial elements
from which they spring are to moderate doses very radioresistant (Di
Luzio, 24; and Breeher et al, 12).

Therefore, if the patient or

experimental animal could be maintained through the initial
destructive period, the reticuloendothelial elements may eventually
recover sufficiently to begin hematopoiesis anew.

Benacerraf et al

( 9 ) and Gyi and Marcus (42) have shown that exceedingly large doses
suppress phagocytic activity of the RES.
Investigations within the last decade have brought forth
considerable information relating the RES to many other important
body processes.

One such formulated function links the RES to

lipid metabolism.

The works of layers (15) and Di Luzio (25) have

shown that reticuloendothelial cells are capable of accumulating
lipids since:

(l) injected triglyceride-containing chylomicra

are removed similarly to colloidal material; (2) stainable fat
can be demonstrated in phagocytic cells after a fatty meal; and
(3) RES hyperplasia reduces liver and plasma cholesterol.

Similar

work has shown that reticuloendothelial cells are also capable of
releasing lipids.

Prompt hypercholesteremia has been produced in

rabbits by colloidal injections.

Similarly, atherosclerotic lipid

deposits develop following repeated injections.
Nicol and Bilbey (80) discovered that only estrogenic
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steroids affect the RES.

They stimulated the system while all other

natural and synthetic steroids had little or no effect except for
cortisone which was a strong RES depressant.

Other than these few

facts, little is known concerning the reticuloendothelial system's
involvement with steroids.
Native proteins were shown b y Hyman and Paldino (h9) to
be transported from the vascular to the extravascular compartment to
a large extent as a result of the activity of macrophages.

With

increased reticuloendothelial activity, the rate of removal of labeled
protein was also increased.

Blockage of the RES delayed this removal.

The mechanism by which the soluble proteins are taken into macrophages
has not been identified.
Zweifach (139) and Reichard (96) have presented evidence
involving the RES with shock.

Both used the method of spinning rats

in a circular drum as devised by Noble and Collip (83 ) so that the
amount of trauma could be standardized.
to the trauma treatment.

Animals could be conditioned

Blockage of the RES decreased the capacity

of normal animals to withstand trauma and overcome the resistant
state of conditioned animals.

The authors, therefore, assumed that

the reticuloendothelial cells might elaborate or store a material
which prevents the manifestations of shock.

Such an acidified
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boiled fraction was extracted from spleens and plasma of traumaresistant rats but could not be found in normal untreated animals*
Connections of the RES with growth processes are tenuous*
Stern (11?)> nonetheless, has cited several incidences where the
RES seems to be involved in growth processes.

Partial hepatectomy

gives an increase in phagocytosis and immune response*

An increased

serum beta globulin fraction is found associated with this also*
He has suggested that this might possibly indicate that a growth
promoting substance has been released*

An accompanying splenectomy

accelerates hepatic restoration indicating the possibility of an
inhibitive growth factor in the spleen*

He also cited the

fact

that teratogenic effects have been produced when pregnant animals
were injected with trypan blue at certain stages of gestation.
Stern (11?) also related neoplastic growth to the RES since
decreased phagocytosis, as well as a decreased immune response,
occurs in tumor bearing animals*

Stern postulated that reticuloendo

thelial cells are weakened either genetically, or by other endogenous
or environmental factors*

Weakened reticuloendothelial cells then

interfere with the proper handling of macromolecules (inhibiting
and stimulating) concerned with regulation of growth.

This, in

combination with a local stimulus, may result in neoplastic growth.
The last role of RES involvement to be mentioned concerns
its role in transplants*

Fisher and Fisher (31» 32) have shown
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that skin homografts produce increased phagocytic properties of the
RES#

Believing that this increased reticuloendothelial activity

resulted in failure of transplants, the authors tried to block the
RES.

The RES could not be blocked.

The skin homografts provided a

stimulus sufficient to overcome even the most profound RES suppression.

RETICUI

L1AL SYSTEM (RES)-METHQPS OF STUDY

Four basic methods have been used to identify reticuloendo
thelial cells:

(1) injection of particulate matter or acid vital

dyes, (2) morphological characteristics, (3) histochemical staining
for enzymatic activities, and (*0 Marshall's metalophil reaction.
Undoubtedly, newer methods will be developed when reticuloendothelial
cell functions become fully elucidated.
As mentioned earlier the injection of some material, be it
particulate matter or an acid vital dye, was the procedure first used
to discover the presence of the phagocytic cells.
involved is presumably the same for both materials.

The mechanism
Kojima and

Imai (56) have shown that the injected material combines with a
plasma protein which then allows it to adhere to the phagocytic
cell membrane.

The cell membrane invaginates and a vacuole containing

the "stain" is formed.

This intravital staining differs from supra

vital staining in that supravital dyes stain only pre-existing
cell inclusions

Attempts have also been made to identify reticuloendothelial
cells by purely morphological features*

Policard (94) has

probably given the best light microscope description of these cells*
He described two areas of cytoplasm: a peripheral section without
granulations, the hyaloplasm, and a central perinuclear area,
the granuloplasm, containing granules*

In addition, the cytoplasm

contains mitochrondria and various types of granulations or vacuoles*
The oval or round eccentric nucleus contains a large nucleolus*
These cells also have well developed centrospheres which may sometimes
exert pressure on the nucleus causing it to become kidney shaped*
Recent electron microscope studies by the Japanese workers,
Onoe (86) and Kajikowa (53)» have shown the fine structure of the
reticuloendothelial cells to be characterized by: (l) the predominance
of well developed smooth endoplasmic reticulum, (2) complicated
cytoplasmic processes, and (3) abundance of cytoplasmic inclusion
bodies.

These heterogenous inclusion bodies are considered to be

involved in the digestion of materials of both exogenous and
endogenous origin*

Yamari and Yashitaha (138) and Watanuhi et al (125)

have reported that these reticuloendothelial cells show a marked
increase of rough surfaced endoplasmic reticulum after stimulation*
Although some knowledge has been gained about the reticuloendothe
lial cells, their physiological state varies so greatly that one
cannot precisely identify a reticuloendothelial cell by purely
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morphological characteristics*
Marshall (71)» aware of this unreliability in morphological
characteristics, employed the silver impregnation method that
Hortega used many years before to demonstrate microglia and similar
cells elsewhere in the body*

This special technique colored all

cells of the Aschoff system.

Because of their affinity for silver,

Marshall called these silver-stained cells metalophils*

Although

no satisfactory explanation has been given for this phenomenon,
the technique offers great possibilities for studying the distribution
of these cells*

All macrophages were considered positive with this

impregnation method but not all positive metalophils were macrophages*
The most recent and probably the most promising field of
study associated with reticuloendothelial cells concerns their
complement of enzymes*

In 1957* Halpern et al (43) stated that a

great deal was known concerning the uptake of material by the RES
but that little was known about their enzymes*

Since then a

considerable amount of research has been done along these lines*
Barke et al (5) and Braunstein et al (11) believed the enzyme patterns
to possess greater potentials than Marshall*s silver impregnation
technique which was thought to result in false positive staining*
Two enzymes, non-specific esterase and acid phosphatase,
are thought to manifest strong activity in reticuloendothelial
cells and, therefore, have received considerable attention*

Non-specific
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esterase has been reported present in the spleen by numerous investi
gators (Chessick, 20; Doyle, 29; Doyle and Liebelt, 30; Wells, 133»
Smith et al, 109; braunstein et al, 11; Barrnett, 6; Carbonell, 18;
Patterson, 92; and Tahikowa, 120)*

Likewise, acid phosphatase has

been shown to be localized in the reticuloendothelial cells and
represent their functional state (Wolf et al, 136; Grogg and
Fearse, 39; Weiss and Fawcett, 132; Rutehburg and Seligman, 103;
Gomori, 36; Doyle, 28; Seaman, 105; Braunstein et al, 11;
Burstone, 14; Barka et al, 5* and Tahikowa, 120)•

As mentioned

previously, Jacobsen (50) studied these two enzymes in the ellipsoids
of the normal cat and dog spleen*
Other enzymes have been reported in the reticuloendothelial
cells but little importance has been given to them*

For instance,

Doyle (29) found peptidase, Braunstein et al (11), phospharaidase,
Deane (22), alkaline glycerophosphatase, glucose monophosphatase,
nucleic acid phosphatase, and alkaline fructose diphosphatase, and
most recently Cappuccino et al (17), found muramidase to be present*
Another technique used to study reticuloendothelial cells
consists of stimulating the RES*

This is done to study the

morphological changes resulting from the stimulation, as well as
the hyperplastic reticuloendothelial system's effect on other
body processes*

Several agents have been employed*

endoxins are used quite often*

Bacterial

Nicol and Bilbey (81) have shown
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estrogenic hormones to increase phagocytic activity.

Of all natural

and synthetic steroids tested, estradiol benzoate was the strongest
stimulant.

Recently zymosan, a substance extracted from the cell

wall of the yeast, Sacharongrcees cervisae, has been used extensively.
This has the advantage over bacterial endotoxins in that it gives
no toxic effects.

The exact stimulating component is as yet uncertain.

Heller (45) thinks it is a lipid or a mixture of lipids; whereas,
Riggi and Di Luzio (99) consider the stimulating agent to be a
specific lipid-free polysaccharide which they called glucan.
The reverse procedure, blockage of the RES, has also been
used quite extensively.

Colloidal injections are given to overload

the RES and thus render it non-functional.

Nicol and Snell (82)

have similarly depressed RES activity with a glucocorticoid, cortisone.

I
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It has been clearly shown that the cells of the ellipsoids,
which are supported by a reticular fiber net, belong to the RES.
Injections of India ink into the animals by Mills (76) have shown
that the dog and cat ellipsoids are intensely phagocytic for the
carbon of the ink.

Their positive reaction to Marshall’s (71)

aramoniacal silver method supports this view.

Further evidence

along this line has been elicited by the histochemical studies of
Jacobsen (50).

The ellipsoid cells of the dog and cat were both

shown to contain the enzyme, acid phosphatase, a hydrolytic enzyme
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found in macrophages.

Another hydrolytic

enzyme, non-specific

esterase, commonly found in abundance in the ellipsoids of the cat
spleen but not in the dog.

It was suggested by Petterson (93) that

certain cells of the spleen which fail to show the presence of
non-specific esterase while showing acid phosphatase activity and
a positive metalophil reaction, may be stimulated in such a way that
this enzyme appears.

Such cells were thought of as immature

reticuloendothelial cells.

It is suggested by the author that

this condition might exist in the ellipsoids of the dog spleen.
The logical step in furthering research on the ellipsoids
would be to see if in fact the lack of non-specific esterase in
the dog spleen is due to their immaturity or to some other cause.
To do this it was proposed that substances which are known to be
reticuloendothelial cell stimulating agents be injected into the
animals and then to see if they have increased phagocytic ability.
The stimulatory substance used for this purpose was zymosan, a
fraction obtained from yeast cell walls.
The first step in this study was to test the normal phagocytic
action of the cells of dog and cat ellipsoids by making intravenous
injections of India ink.

If the cells of the dog*s spiLeen are as

equally phagocytic as those of the cat, it might mean that non-specific
esterase was not essential for phagocytosis.
be a significant discovery.

This in

itself would

Injections of the reticuloendothelial
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cell stimulating agent, zymosan, will then be given*

Following

stimulation the ellipsoid cells will be tested again for phagocytic
ability and enzyme activity*

If stimulation elicits esterase activity

in the dog ellipsoids, it may be ascertained that they have changed
from immature to more mature reticuloendothelial cells*
The studies outlined above should help to clarify the filtering
or phagocytic potential of ellipsoids, this being one possible
function of these bodies*
considered and explored*

Other possible functions were also
The two spleens under consideration

differ in one important respect*

The ellipsoids of the dog spleen

(sinusal) are closely invested b y sinuses of the red pulp but those
of the cat (non-sinusal) are not (Snook, 1950)*

The possibility

exists that the ellipsoids may act differently on or in controlling
the flow of blood into the two different types of red pulp*

Injections

of the vascular channels through and beyond the ellipsoids were
attempted by injecting undiluted India ink, latex rubber and vinyl
acetate into the splenic artery of freshly removed spleens*

Studies

of sections from such material should show if there are side channels
leading to the red pulp sinuses as has been suggested by some workers.

CHAPTER II

MATERIAIS AND METHODS
Parallel experiments were done on the spleens of adult dogs
and cats*

All animals were obtained from the local Physiology

Department*

Some had been used in previous experiments, but it was

felt that the previous experiemnts had no deleterious effects
on the spleen as far as the purposes of this investigation were con
cerned*

The animals were divided into 8 groups as briefly outlined

in Table 1*
Group I consisted of 2 normal untreated cats*

These were done

to confirm the results of a previous study (Jacobsen, 1963)*

These

animals were anesthetized with sodium pentobarbital (32 milligrams
per kilogram body weight)*

This was done to render the animals

more amenable to intravenous injections*

Each animal was given

an intravenous injection of a saline solution corresponding to the
amount of zymosan given to the zymosan-treated animals of Group III*
Group U

comprised 7 cats injected intravenously with a 5#

solution of Higgins American Waterproof Black India ink in saline*
Single injections of 10 ml* per kilogram body weight were given to
the anesthetized animals*

A more concentrated solution, as well

as larger amounts, were found to be quite lethal*
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The amount
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TABLE 1.
EXPERIMENTAL GROUPS

h
Animals at each interval

GROUP

I
II

III

IV

V
VI

VII

VIII

tonnmrrPTr
JtTwVsXUUU
XvJC#

Total
Animals

Normal cats

2*

Cats injected with
India ink

7

Cats injected with
zymosan

10

Hours

---- !

0

it.

1

1

1

1
1

Days
4

8

16

1

1

1

1

2

2

2

2

1

1

2

1

2

2

1

Cats injected with
zymosan followed
by India ink **

h

Normal dogs

l*

Dogs injected with
India ink

3

Dogs injected with
zymosan

9

2

2

k

1

1

Dogs injected with
zymosan followed
by India ink**

1

1

32

1

1

1

♦Fifteen cats and twenty-six dogs from a previous investigation
(Jacobsen, 1963) also served as normal animals for this study.
**The table indicates intervals after the single injection of
zymosan. Those injections were followed by injections of ink. Cats
were sacrificed |wl hour, and dogs, Zh hours after the ink injection.
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given (10 ml. per kilogram body weight) had to be administered very
slowly and even then occasionally was lethal.

These animals were

sacrificed at intervals from the time of injection up to 16 days after
the injection.

This group was used to study the phagocytic powers of

the ellipsoid cells in normal animals.
Group I U
was used.

included the zymosan-treated cats.

A total of 10 cats

Again under the anesthetic, the animals were given 8

milligrams of zymosan per kilogram body weight.

Nothing could be found

in the literature concerning the amount of zymosan that needed to be
injected in cats and dogs to elicit a reticuloendothelial stimulating
response.

The amount given (8 milligrams per kilogram of body weight)

was used and found to be effective.

The zymosan, purchased from

Nutritional Biochemicals Corporation, 21010 M i e s Avenue, Cleveland 28,
Ohio, was suspended in mammalian saline in concentrations of h miligrams
per ml.

The animals were sacrificed at the following times after

injection:

1 hour, 1 day, 4 days, 8 days, 16 days and

32

days.

It was the purpose of this group to study the effects of a reticuloendo
thelial cell-stimulator upon the ellipsoid cells.
Group IV was made up of animals first treated with zymosan to elicit
the reticuloendothelial stimulating response and then later injected
with ink.

This group, consisting of k animals, served to demonstrate

whether or not the cells of the hyperplastic ellipsoids were more phagocy
tic than normal.

Animals were sacrificed -§<-1 hour after intravenous
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ink injections were given to animals which had been injected with zymosan
8, 16, or

32

days

previously.

Since these were parallel experiments on dog and cat spleens,
groups V, VI, VII and VIII were treated by the same procedures described
in groups I-IV, only with dogs instead of cats.
description is needed for these groups.

Therefore, no additional

The number of animals used

per group is shown in Table 1.
All experimental animals were sacrificed by giving lethal doses
of sodium pentobarbital.

The spleens were removed as soon as possible

after death and sliced into thin sections.

Sections were then submerged

in five different fixing fluids: (l) 15$ cold formalin, (2) Carney's,
(3) Zenker's-formalin (Helly's fluid), (4) Snook's reticular fixative,
and (5) 10$ formalin.
Sections in the cold 15$ formalin were fixed for a period
varying from 18 to 2h hours.

Thereupon, they were rapidly frozen on

the freezing microtome and after sectioning at two thicknesses, 20 u
and 15 u, were fl*ee floated in 1$ cold formalin prior to use.
sections were used for three different procedures:

These

(l) metalophil

reaction, (2) acid phosphatase activity, and (3) non-specific esterase
activity.
The 20 u sections were used for the metalophil reaction according
to the silver impregnation method of Marshall (71).

The sections

were removed from the 1 $ formalin, washed in two changes of distilled

3^
water, after which they were submerged in a silver solution for
variable times of 1 to 10 seconds.

This silver solution was made

fresh prior to use by titrating 2 ml. of concentrated ammonium
hydroxide against a
turbidity remained.
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silver nitrate solution until a slight

This titration would require about 20 to 30 ml*

of silver nitrate depending upon the strength of the solutions.
Following the submersion, the sections were agitated for 2 to 3 minutes
in a 3# formalin solution to reduce the silver.

The sections were

then washed in 2 changes of distilled water, 2 changes of 95$
alchohol, cleared in carboxylene (1 part phenol : 3 parts xylene)
and mounted on slides with permount.
Sections 15 u in thickness were treated for non-specific esterase
using Pearse's (89) modified Gomori's Napthol AS acetate method.

The

sections were removed from the 1$ formalin solution, washed in
distilled water and incubated in the substrate-dye medium at 37° C
for periods varying from 10 to 20 minutes.

Sections were removed at

several minute intervals and checked under the microscope in order
to find the optimun time of activity.

The substrate medium consisted

of 9*9 ml. of a 1.2M Phosphate buffer at pH 6.8, 0.1 ml. of 1$ propylene
glycol, 15-20 mg. of Garnet GBC salt and 0.1 ml. of a 1# Naphthol
AS acetate-acetone solution.
and filtered before using.

The medium was mixed thoroughly
Following the incubation period, the

sections were washed briefly in distilled water and mounted on slides
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with glycerine jelly.
Other free floating sections, also 15 u thick, were used to
test for acid phosphatase activity according to the method of Burstone
(14).

These sections were also washed in distilled water prior to

being placed in the incubating medium at 37° C for a period varying
from 30 to 60 minutes.
following*

This incubation medium consisted of the

4 ml. Naphthol AS - HT phosphate dissolved in 0.25 ml. of

dimethylformamide, 25 ml* of 0.2N sodium acetate buffered at ph 5*3*
35-40 ml* of the diazonium salt, Garnet GBC, and 2 drops of an
activator, 10$ MhCl 2 *
before using*

The medium was thoroughly shaken and filtered

Upon removal from the incubating medium, the sections

were washed in distilled water and mounted with glycerine jelly.
Proper control slides for non-specific esterase and acid phospha
tase were also made in order to evaluate the results adequately.
Control slides for non-specific esterase consisted of sections
incubated in a medium lacking only the substrate, Napjthol AS acetate.
A medium lacking only the substrate, Napthol AS-HI phosphate, was
used for the acid phosphatase controls*

The metalophil technique

has no need for control slides*
The techniques described above do not allow one to effectively
study any morphology of the ellipsoids*

Therefore, several morphological

fixatives and staining procedures were performed.

Splenic sections

fixed in Zenker*s-formalin were embedded in paraffin in the usual
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manner, sectioned on the rotary microtome at 7 u, and stained with
the Giemsa stain which was prepared as o u t l i n ^ b y Wolbook (135)•
Routine hematoxylin and eosin staining was performed on tissue fixed
in both C a m o y ' s fixative and in 10# formalin.

Formalin fixation

gave better localization of ink although the cytological details
were considerably more outstanding with the C a m o y ' s fixative.

A

study of the reticular fibers was also made possible by the use of
Snook's (111) special alcohol-formalin-glacial acetic acid fixative
and his modification of the ammoniacal silver impregnation method which
is specific for reticular fibers.
Sections were also taken from the liver, lung and lymph node
of each animal, fixed in 10# formalin and stained with hematoxylin and
eosin.

This was done to check the general effects of the zymosan

injections on the reticuloendothelial elements present in these
organs.

Some of these formalin fixed, paraffin embedded tissues

were also impregnated with silver.

This tissue was cut 15 to 20 u

thick on the rotary microtome, deparaffinized, brought to water,
impregnated and mounted as described previously for frozen sections.
In order to help clarify the morphological nature of the endothelium
of the axial capillary, vascular injections of three different materials
were performed.

These three materials were:

(l) concentrated

Higgins India Ink, (2) latex rubber, and (3) vinyl acetate.

The

latex rubber and vinyl acetate were purchased from Ward's National
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Science Establishment, Inc* 3000 Ridge Road, East Rochester 9»
New York.

All three were

introduced either b y way of the splenic ar

tery or indirectly by way of the aorta inferior to the splenic
artery.

In the latter case, the aorta superior to the splenic artery,

as well as the renal arteries, were tied off prior to the injection.

«
The splenic vein was perforated to allow the transfer to take place.
All injections were made using a small hand pomp connected to a
pressure gauge and a container with the perfusion material, which in
turn was connected to the artery by a plastic tube.

The pressure

behind this perfusion medium did not exceed 120 mm Hg, the normal
arterial pressure of these animals.

This precaution was taken to

eliminate rupturing the vascular channels.

Sections from the

concentrated ink and latex rubber perfusions were fixed in 10# formalin.
These were later cut as thin as possible with a sharp razor blade and
allowed to clear either in cedarwood oil, wintergreen oil or xylene.
To facilitate the observation of ellipsoids in latex injected spleens,
the animal was first injected with the previously described amount of
India ink.

One hour after this ink injection, the latex rubber was

introduced into the vascular channels of the spleen.

Sections perfused

with vinyl acetate were hardened in water and then placed in 5# K0H
for several days to corrode the splenic tissue away.

After washing

with water, a cast of the arterial tree remained that could be studied
under a dissecting microscope.
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Diameter measurements were randomly made of the ellipsoids
with a calibrated ocular micrometer*

Average widths were obtained

in each animal group with each of the staining methods used in
this study.

CHAPTER H I

RESULTS

T O E M ? . £A£S
As shown by a previous investigation (Jacobsen,

1963),

and

confirmed in the present study, the silver impregnation method of
Marshall (71) proved to be an excellent technique for purely locating
an identifying the ellipsoids*

Although not as distinct, histochemical

methods showing acid phosphatase and non-specific esterase activity
gave results quite similar to that of the metalophil reaction*

Of the

two enzymes, acid phosphatase was the most consistent and therefore
the most beneficial in locating these structures*

Non-specific esterase

activity could not be demonstrated in dog ellipsoid cells*
Ellipsoids were found in two general regions;
proper and the marginal zone.
white pulp*
pulp*

the red pulp

No ellipsoids were ever found in the

Ellipsoids were distributed equally throughout the red

No pattern or area of localization could be seen*

found in or appiroaching the marginal zone.

Many were

These in the marginal

zone encircled the white pulp nodule and appeared to empty their effer
ent capillaries into the meshwork of the marginal zone.

The ellipsoids

of the marginal zone were longer and narrower than the ellipsoids of
the red pulp*
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Being a non-sinusal spleen, the ellipsoids of the cat were
not surrounded by a venous sinus as is the case in the dog spleen*
The remaining red pulp was contiguous in all directions with the
periphery of the ellipsoids.
The true shape of a cat ellipsoid is hard to define.

This

difficulty is due to the great variability of existing shapes which
in turn result from the branching of and number of axial capillaries
within the ellipsoids.

From one to five axial capillaries were seen

within one sheath; one being the most prominent.

Also more than one

ellipsoid was seen encircling the same capillary.
shapes were quite variable.

Therefore, the

In general, the cat ellipsoids are

somewhat elongated or tubular in shape.
With the metalophil reaction, ellipsoid cells were darkened
(Fig. 1).

Most often they were colored black.

they would take on a brown color.

Occasionally,

The difference in color was found

to result from inconsistent mixing of the ammoniacal silver solution.
An excess of AgN 03 would tend to make the "staining** color brown.
Negative reacting areas remained a lighter color.
part of the spleen included;

The non-reactive

trabeculae, blood vessels and red blood

cells, most of the white pulp and some constituents of the red pulp.
According to Marshall (71), the positive metalophil cells would
include all reticuloendothelial, and therefore phagocytic, cells.
But, one must keep in mind that not all positive cells are phagocytic

cells.

The deliniation of these positive metalophil, non-phagocytic

cells is still uncertain.
Cross sectional views of the ellipsoids gave the most consistent
and most observable results.

True cross sections could easily be

determined by the presence of a negative central axial capillary.
The nuclei of the endothelial cells could be seen extending into the
lumen.

In addition to this, the lumen was almost always filled with

negative reacting red blood cells.
As far as the ellipsoids were concerned, no individual cells could
be seen.

With this technique, the ellipsoids appeared to be a syncytial

network.

Several clear areas were observed.

be intercellular spaces.
be determined.

These were assumed to

No pattern of such existing spaces could

Thus, no ellipsoidal cell pattern was discernible.

Generally speaking, the boundaries of the ellipsoids appeared to
be abrupt and quite distinct from the surrounding red pulp.

Qytoplasmic

extensions from the peripheral ellipsoid cells occasionally protruded
toward the red pulp.

Likewise, some complete positive metalophilic

cells could be seen in this junctional area.
The distribution of acid phosphatase activity followed quite
closely the pattern described previously for the metalophil method
(Fig. 2).

A slight difference did occur in the average ellipsoid

width as measured by an ocular micrometer.

Measurements with the

metalophil technique were somewhat smaller than similar measurements
with the enzyme technique (Table 2).

The sites of enzymatic

h2
activity were represented by deposits of precipitated substrate-dye
complexes*

These complexes appeared in small uniform sized granules

throughout the spleen.

The diffuse granules that appeared were consid

ered to be a result of diffusion.

Ellipsoid cells, as did other

cells in the remainder of the spleen, contained numerous granules.
It is for this reason they were considered to react positively.
As with the metalophil reaction, little morphological detail
could be seen.

Yet, individual cells could be observed.

The syncytial

network, as seen with the metalophil reaction, did not appear.
ellipsoid cells were more positive than others.

Some

The degree of

positivism followed no definite pattern but generally the inner and
outer portions of the ellipsoids contained the most positive cells.
Many cells gave a stellate appearance having positive granules throughout
the cell body and extending with their cytoplasmic processes.

The

endothelium of the axial capillary was negative as were the other
areas of the spleen that were negative for the metalophil reaction.
The results obtained from the histochemical localization of
non-specific esterase activity were similar to those obtained from the
acid phosphatase technique.

(Fig. 3)* The location of positive

and negative cells is the same.

The only observable difference was

a quantitative one in respect to the precipitated substrate-dye
complex.

The amount present with the non-specific esterase technique

was greatly reduced over the acid phosphatase technique.

This would
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TABLE 2
AVERAGE WIDTH OF CAT ELLIPSOIDS
(micron measurements)*

Technique

Zymosan-Treated
Normal

1 day

4 days

8 days

16 days

Metalophil

34.98

36*50

34.13

34.41

34.98

Phosphatase

39.53

41.33

40.00

41.99

42.65

Esterase

39.81

39.13

38.30

38.48

38.68

Giemsa

42.31

46.26

48.35

48.47

53.75

H & E

41.14

43.79

43.51

46.83

48.33

♦calculations found in appendix

indicate that the enzyme, non-specific esterase, is present in
reduced amounts or that it has less activity than the acid phospha
tase*
In general, the distribution of most metalophil, acid
phosphatase and non- specific esterase positive cells are the
same in the cat ellipsoids*

Measurements with the various techniques

indicate that some enzyme positive cells are not metalophilic (Table 2)*

m i zM>sAy-T O m >cabs
The periphery of the ellipsoids appears indistinct with
Marshall*s (71) silver impregnation technique.

light areas appear

in the ellipsoids as though certain cells are negative or no longer

present making it look somewhat porous.

These facts and the fact

that the red pulp contains more positive cells than normal, indicates
that some cells are migrating from the ellipsoids into the red pulp.
In addition, studies of animals intravitally injected with ink and
taken at various intervals have shown ink-ladened ellipsoid cells to
pass from the ellipsoid into the surrounding red pulp.

Positive

cells in the red pulp are not only more numerous but are larger than
in the normal animal.

Few positive stellate-shaped cells were seen.

Most of these positive red pulp cells possess very short extensions
and thus appear more rounded.

With the increase in red pulp positive

cells and the indistinct ellipsoid borders, much less contrast was
seen between red pulp and ellipsoids (Fig. 4).
Not all ellipsoids react in the same manner.

Ellipsoids

can be seen in various states of activity from normal to that described
above.

In general, those in the marginal zone were affected less than

those of the red pulp.
borders.
normal.

They are less porous and contain more distinct

The marginal zone also contains more positive cells than
Evidence appears to show that these cells originate from

ellipsoids within the marginal zone and from ellipsoids immediately
encircling this zone.

The latter group is responsible for the majority

of these cells.
The ellipsoids are positive for acid phosphatase activity,
but not as reactive as in the normal animal (Fig. 5)»

Sections had
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to be incubated longer than the one-half hour used in the normal
animal but still the activity was less.

Although the periphery

of the ellipsoids were somewhat blurred, the margins seemed to be
more distinct than with the metalophil technique.

This probably

was due to the contrast presented by the presence of numerous negative
red blood cells outside the sheath.

Positive reacting cells could

be seen in various locations radiating from the sheaths.

Acid

phosphatase positive cells were seen in the red pulp but did not
appear to be as prominent as the metalophils, again due to the reason
cited above.

These positive cells appeared very small suggesting

that the enzymes are mainly located in the cell bodies and are
not found in the cell processes.
As was the case with the metalophil reaction, an increased
number of small positive cells was

seen in the marginal zone.

However,

the ellipsoids in this zone appeared changed more than was shown
by the metalophil reaction.

Their peripheral margins were now

diffuse.
Larger and more irregular reacting cells appeared in the
center of the white pulp nodules.

An area of the lymphatic nodule

near the white pulp artery reacted b y giving a diffusely colored
substrate-dye complex.

No division of the nodule into primary and

secondary centers could be seen as was the case with the acid phosphatase
reaction in all animals.
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Non-specific esterase activity was greatly reduced not only
in the ellipsoid cells but in the whole spleen (Fig. 6).
most positive cells of the sheath were near the periphery.

The
The

color of the granules in many ellipsoids was different from the
normal substrate-dye complex.

This dark purple to black material was

assumed to result from the phagocytosed zymosan.

This material was

variable in amounts among ellipsoids as was the substrate-dye complex
with the acid phosphatase technique.

No further consideration was

given to this material.
Due to the decreased enzyme activity, numerous red blood
cells could be seen in the ellipsoids.

Most blood cells were

intercellular.
Positive cells in the red pulp were small, again suggesting
the location of this enzyme to also be in the cell body.

A slight

increase of positive non-specific esterase cells was seen in the mar
ginal zone similar to that seen by both the metalophil and acid
phosphatase reactions.
In contrast to the acid phosphatase technique, no positive
non-specific esterase cells were seen in the white pulp nodules.

No

division of the lymphatic nodule into primary and secondary centers
could be seen.

This was the case in all animals studied with the

non-specific esterase technique.
The three previously described techniques did not present any
morphological characteristics.

Therefore, Giemsa and hematoxylin and

hi
eosin stained sections were analyzed.
to be more variable than normal.

Ellipsoid shapes were found

Many bizzare shapes were seen.

These appeared as various outgrowths from the original ellipsoid.
Ellipsoids were also less cellular.

More spaces could be seen in the

ellipsoid meshwork due either to the reduced number of cells or to shrink
age that may have occurred in the fixing, embedding and staining
procedures.

The greatest concentration of ellipsoid cells was seen

in the outer portion of the sheath.
seen in this zone (Fig. ?)•
distinct.

Occasional mitotic activity was

Ellipsoidal boundaries seemed quite

Again, this was probably due to the contrast of

surrounding red blood cells.

Many intercellular red blood cells could

be seen in the ellipsoid meshwork.

One section was found that showed

red blood cells passing through the axial capillary into the intercellu
lar spaces of the ellipsoid (Fig. 8).
Formalin fixed sections showed large amounts of hemosiderin
present in both ellipsoid cells and the red pulp reticulum.

The

hemosiderin was found in approximately the same concentration
in both types of cells.
Cells resembling small lymphocytes appeared around the
periphery of the ellipsoids (Fig. 9).

This same cell type was found

scattered in small numbers throughout the red pulp in the 4, 8, and
16 day group as well.

Several megakaryocytes were also observed

in the red pulp.
Measurements with the various techniques show the presence of
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three basic ellipsoid sizes (Table 2, pg. 43)•
gave the smallest measurements*

The metalophil reaction

Ellipsoid size, as seen with the en

zyme techniques, is somewhat larger than with the silver impregnation
method*

The largest measurements were seen with the morphological

stains*

Such methods indicate three different cell types;

(1)

those non-reactive for both the enzymatic and metalophilic
reactions, (2) those reactive for enzymes but non-reactive to silver
impregnation, and (3) those reactive for both the enzymatic and
metalophilic reactions.

Plotting of such measurements shows the

presence of three zones (Graph 1, pg* 50)»

This same

basic

relationship was seen throughout all cat experimental groups*

Further

consideration of these zones will follow in this paper.

.CAXg
With the metalophil reaction, ellipsoid borders are even more
indistinct than in day 1 animals (Fig. 10).

More metalophilic

ellipsoid cells are migrating into the red pulp.

This migration,

uninhibited b y sinuses in this non-sinusal red pulp, occurs in all
directions.

With the loss of metalophilic cells, the meshwork of the

ellipsoid appears slightly more open.

The contrast between ellipsoids

and the surrounding red pulp is greatly reduced.

The increased

migration leads to the presence of more positive metalophil cells in
the red pulp.

Two general categories of red pulp metalophils are
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seen*

The first and most prominent at day 4 is the large stellate

cell.

This cell possesses extensive positive cytoplasmic extensions.

The second type consists of more rounded cells.

These contain very

short cytoplasmic processes and are fewer in number.
Few doughnut-like ellipsoids are seen.

Apparently most of the

outer metalophilic ellipsoid cells have migrated into the red pulp
leaving the inner layer with its negatively reacting capillary.
Stellate metalophils are found in the marginal zone.
exact origin of these cells is uncertain.

The

Ellipsoids located in this

zone do not possess as many metalophilic cells extending from their
periphery as do the red pulp ellipsoids.

This indicates that these

ellipsoids are affected to a lesser degree and probably not responsible
for all of the new metalophilic cells in the marginal zone.
Some, but not all white pulp nodules, contained metalophils.
When present, they were basically of the non-stellate variety.
As in day 1 animals, acid phosphatase activity was present
but reduced over the normal animals (Fig. 11).

The normal amount

of precipitated substrate-dye complex could not be obtained even
with longer periods of incubation.

The peripheral margins of the

ellipsoids were quite diffuse as with the metalophil reaction.
More migration was present than in day 1 animals.

The migration was

occurring in all directions.
Although little morphological detail could be seen, intercellular
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red blood cells were obviously present within the sheath.
Many positive acid phosphatase cells were seen throughout
the red pulp.

Similarly, large numbers of positive cells were seen

in the marginal zone.

Ellipsoids in this marginal zone showed more

changes with this technique than with the silver impregnation.
Apparent migration of ellipsoid cells caused the peripheral borders
of the ellipsoids to be diffuse.
The center of each lymphatic nodule contained irregular highly
positive acid phosphatase cells.

As in day 1 animals, a strong

reaction occurred in the portion of the nodule near the white pulp
artery.

The significance of this is still unknown.
Non-specific esterase activity remained greatly reduced in

both ellipsoid and red pulp cells (Fig. 12).

Sites of activity

resembled closely those previously described for the enzyme, acid
phosphatase.

The reaction in the ellipsoids was very diffuse;

whereas, the positive red pulp cells possessed somewhat larger and
darker granules.

The greatest activity in the ellipsoids was seen

toward the periphery similar to day 1 animals.
found in the marginal zone as before.

Positive cells were

Likewise, red blood cells

were seen within the sheath.
The white pulp nodules differ from day 1 animals.

Only a

few positive non-specific esterase cells were now present.
Morphological staining showed the ellipsoids to be larger and
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more cellular than in day 1 animals (Table 2, re* ^3)»
are also more irregular*

Their shapes

The peripheral margins showed cells in

transition from ellipsoid to the surrounding red pulp*

Therefore,

the borders were more indistinct than in the previous group.
In day 1 animals, the ellipsoid cells contained essentially
the same concentration of hemosiderin as did the red pulp cells.
This has not changed*

Ellipsoid cells still contain hemosiderin in

approximately the same quantity as the red pulp cells.
Intercellular red blood cells are still present in the
sheaths.

likewise, the small lymphocyte-like cells are still found

around the ellipsoids and scattered diffusely throughout the spleen.
They do not appear to have increased in number.

Occasional cells

resembling plasma cells were also seen in the red pulp immediately
surrounding the ellipsoids.

W _8_Z^0SAfc,m i^-.gAl§.
The ellipsoids are now shown with the silver impregnation
method to be less distinct than in day 4 animals (Fig. 5» 13 and 14).
Due to the increased number of migrating cells, no definite margin
can be seen.

Differentiation of ellipsoids from the surrounding red

pulp is quite difficult in most cases.
extentions.

They possess many fibrous

Open spaces of intercellular nature are apparent.

ellipsoids still present quite a contrast with the red pulp.

Some
Not all
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ellipsoids have reacted to the zymosan in the same manner at the
same time*
An increase in the number of doughnut-like ellipsoids was
observed over the 4 day animals.

These ellipsoids possessed a

narrow closely packed layer of metalophilic cells immediately surround
ing the axial capillary*

Such ellipsoids contain distinct borders*

They do not have fibrous extensions as do the larger ellipsoids*
The metalophilic cells in the red pulp have increased in
number and size*

There are both round and stellate cells present*

Both cell types are associated with the periphery of the ellipsoids*
The round cells are very hard to see in those ellipsoids that are
indistinct because of migrating cells.

They are best seen around

the smaller ellipsoids.
Similarly, the marginal zone contains numerous large stellate
metalophilic cells*

Once again, the ellipsoids of this zone do not

appear to be affected to the same degree as red pulp ellipsoids*
All white pulp nodules contained metalophilic cells.
number per nodule varied from a few to many*

The

Several lymphatic nodules

gave slight signs of having a peripheral ring of metalophilic
cells*
Acid phosphatase activity in the ellipsoids of day 8 animals
is somewhat reduced over day ^ animals (Fig* 15)*

Their margins

are not as clear-cut since more migration of phosphatase positive
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colls is taking place.

This increased migration has resulted in

an increased number of positive cells in the red pulp.
pulp cells are very small and have no basic shape.

Positive red

The reactive

enzyme component must be localized within the cytoplasm in small
aggregates to make these acid phosphatase positive cells appear
smaller than with the metalophil reaction.
The marginal zone also contains an increase in highly positive
acid phosphatase cells.

In fact, the greatest concentration of positive

cells in the whole spleen is found in this zone.

Marginal zone ellip

soids possess great activity.
Many cells in the white pulp nodules contained acid phosphatase
activity.
There was a slight increase of non-specific esterase activity
over day 4 animals (Fig. 16).
as diffuse.

The positive granulations were not

Ellipsoids again showed variations, some being more

reactive than others.
Positive non-specific esterase cells were dispersed throughout
the red pulp.

Similar cells were seen in the marginal zone.

Unlike

the acid phosphatase technique, the notv-specific esterase technique
failed to show a high concentration of cells in this zone.

No more

were present in the marginal zone than in the general red pulp.
Not*,specific esterase activity was again seen in cells within
the lymphatic nodules.
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Morphologically, the ellipsoids possessed variable, almost
undescribable shapes*
numerous directions.

Extension of new growth appeared in
They were not only larger, but more cellular

than in day k animals (Table 2, pg. 43).

Doughnut-like ellipsoids,

as seen with the silver impregnation method, could not be seen*
Few small ellipsoids could be seen and even these were quite cellular*
The cells were distributed equally throughout the ellipsoid.
Examination of this outer margin showed the ellipsoid borders
to be very indistinct.

Many cells were caught in transit from

ellipsoid to the red pulp*
Analysis of the hemosiderin content showed the ellipsoids to
be completely lacking in this breakdown product of hemoglobin*
likewise, hemosiderin was not found in the red pulp cells.
Intercellular red blood cells were again seen in the
sheaths.

The small lymphocyte-like cells were still present around

the ellipsoids and scattered diffusely throughout the spleen*

Such

lymphocyte-like cells and their possible precursors could be seen
within the ellipsoids as well as in the sunpounding red pulp*
Occasionally, several megakaryocytes could be seen in the red pulp.

DAI 16 ZIMOSAN- TREATED CATS
The ellipsoids in this group were much more distinct than
those in the previous group (Fig. 17)*

The normal, dark non-porous

nature of metalophilic ellipsoids has begun to return.

The peripheral
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margins

in these day 16 ellipsoids were returning to normal in

regards to distinctness.

Most ellipsoids lack the obvious migration

described in the other groups.

The majority of the ellipsoids have

quite distinct borders and thus present considerable contrast between
the ellipsoids and the surrounding red pulp.

Some ellipsoids still

show migrating metalophilic cells indicating a difference in ellipsoid
activity.

Few of the small doughnut-like ellipsoids remain.

the number of other ellipsoids appeared to increase.

Instead,

Such an increase

could result from the development of ellipsoids on penicillar arteries
that previously did not possess them.
Many raetalophilic cells are still present in the red pulp.

The

number of such cells has, however, decreased from the day 8 animals.
These cells are characteristically large plump cells with extensive
processes.

Similar large positive stellate cells can be seen in

the marginal zone.

The number of these cells has also decreased

from the previous group.
Fewer metalophilic cells were also seen in the white pulp
nodules.

These cells developed very unusual shapes.

Faint signs

of a peripheral ring of metalophils appeared around some Malpighian
corpuscles.
Day 16 zymosan-treated ellipsoids show an increased acid
phosphatase activity over day 8 ellipsoids (Fig. 18).

For this

reason, the ellipsoids themselves are quite distinct.

Their peripheral
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margins still show few phosphatase positive cells but nothing like
the previous group.
High numbers of positive acid phosphatase cells are seen in
the red pulp.
al zone.

Similarly, many positive cells can be seen in the margin

Like previous groups, a few cells in the white pulp

nodules show acid phosphatase activity.
The sites of non-specific esterase activity are identical to
that described for the enzyme, acid phosphatase.
in respect to enzyme activity.

They differ only

Although non-specific esterase activity

has increased from day 8 animals, its activity is much less than the
acid phosphatase activity (Fig. 19).

Such was the case in normal ani

mals.
With the morphological stains, the ellipsoids were very large
and irregular, as well as being highly cellular (Table 2, pg. 43).
Their peripheral margins were very indistinct.

Ellipsoid cells

were found merging into the surrounding red pulp.

The same lymphocyte

like cells were present in varying numbers around the ellipsoid and
throughout the whole spleen.

Similarly, red blood cells were seen

in the ellipsoid's intercellular spaces.
Formalin fixed sections again showed the ellipsoids and
red pulp cells to be absolutely free of hemosiderin.
Reticular fiber formation or arrangement was unaltered
in the experimental animals.
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In summary, the ellipsoids of Group II animals, those treated
with zymosan, showed certain alterations at various intervals after
the single intravenous injection of zymosan*

Metalophilic ellipsoid

cells migrated from the ellipsoids into the adjacent red pulp.
Maximum migration occurred 8 days after the zymosan injection.

By

16 days, the metalophil reaction was approaching that of a normal
animal.

Acid phosphatase and non-specific esterase activity was

reduced in the first days after the zymosan injection but gradually
recovered in animals treated for a longer period of time.

Ellipsoid

measurements indicated the presence of a cellular zone that is positive
for the enzymes but negative for the metalophil reaction (Graph 1, pg.
50).

Morphological techniques showed mitotic activity to be primarily

confined to the outer portion of the ellipsoids.

In addition,

measurements of width showed an outer layer not represented by either
the enzyme or metalophil techniques.

With reticuloendothelial

stimulation, this layer of cells increased in width (Graph 1, pg. 50).
Cells resembling small lymphocytes appeared in the red pulp surrounding
the ellipsoids after stimulation.

V1XAL IKK IWFCXXqns
India ink injected into a normal animal is quickly localized
within the ellipsoidal meshwork.

Minute granules of carbon are

interspersed between ellipsoid cells as well as in their cytoplasm.
One-half hour after the injection (10 cc. of 5$ solution per kilogram
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body weight), carbon particles begin to accumulate into larger
granules within the ellipsoid cells (Fig. 41).

The majority of the

ink in the spleen is localized in the ellipsoids.
is observable in the red pulp.
the ellipsoids.

Very little ink

The ink is located evenly throughout

The endothelial cells of the axial capillary appear

to lack ink.
Few large accumulations of carbon remain in ellipsoid and red
pulp cells one day after the ink injection.

The smaller carbon

granules seen after one-half hour are no longer present.
of the ink has been removed from the spleen.
accumulations remain.

In fact, most

Only the few larger

The cells containing these large quantities of

ink are located at the periphery of the ellipsoids and scattered
throughout the red pulp.

The peripheral location of this phagocytosed

ink is best seen in animals injected 2 to 3 days previously.

The

ellipsoids appear less cellular with more intercellular spaces.
Four days after the ink injection, very little ink can be
found either in ellipsoid or cells of the red pulp.

Ellipsoids

are becoming more cellular, have less intercellular spaces and possess
very indistinct margins because of the apparent migrating cells.
8y 8 days, these conditions have progressed even further.
Ellipsoids are larger and more hyperplastic.
even more indistinct than after h days.

Their borders are

Again, little or no trace

of ink could be detected in any cells of the spleen.
Ellipsoid borders were more distinct in animals injected 16

60
days previously with ink.

Cell migration appeared to be much reduced.

The ellipsoids were extremely large and quite cellular.

Still no

ink could be observed in any splenic cell.
The morphological description of the ellipsoids following ink
injections is similar to that previously described for these structures
after the zymosan injections.

Basically, ink had the same effect

on ellipsoids as did the reticuloendothelial cell stimulating agent,
zymosan.

This was found to be true for the metalophil, acid phosphatase

and non-specific esterase techniques as well.
The same procedure of ink injections was then performed on
zymosan-treated animals.

Animals stimulated with zymosan for eight

days were given ink injections one-half hour prior to death.
ink could be seen in ellipsoid or red pulp cells.
are apparently no longer phagocytic.

Ellipsoid cells

Morphologically, the ellipsoids

showed the usual day 8 zymosan-treated response.
and quite cellular.

No

They were large

Their peripheral borders were very indistinct.

Ink injected into 16 day zymosan-treated animals, likewise, did
not appear in ellipsoid or red pulp cells (Fig. h2).

The ellipsoids

again gave the same appearance as that described previously for day
16 animals.

The ellipsoids were large and quite cellular.

Their

peripheral margins were again distinct.
The intravenous injection of ink into a 32 day zymosantreated cat presented striking results.
highly phagocytic.

Ellipsoid cells were now

Although quantitative measurements were not made,
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visible observations of unstained sections showed the cells to be even
more phagocytic than in the normal animal.

Apparently,

the potentially

phagocytic cells of the previous groups now undergo maturation to become
fully mature phagocytic cells.

Like the cat, dog ellipsoids are found in the marginal zone
and the red pulp but never in the Malpighian follicles.
scattered at random and have no observable pattern.

They are

Their true

shape is hard to delineate for the same reasons asthe cat ellipsoids;
variations in number of and branching of axial capillaries. Basically,
dog ellipsoids are spherical or ellipsoidal in shape.
In one respect, the dog ellipsoid differs greatly in morphology
from the cat ellipsoid.

Since the dog spleen possesses venous sinuses,

one or more of these sinuses may abut against the periphery of the
ellipsoid (Fig. 20).

Sections were observed in which sinuses completely

encircled the ellipsoids.

In all cases, a very thin layer of apparently

red pulp reticulum separates the ellipsoid from the sinus.

Reticular

fibers can be seen running from the periphery of the sheath through
the sinuses into the red pulp.
Essentially, the results of the metalophil reaction and the
histochemical demonstration of acid phosphatase were the same as
reported in the untreated cat.

Both techniques gave a positive reaction

in ellipsoid cells as well as scattered cells throughout the red pulp
and white pulp as was previously described (Fig. 21 and 22).
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The results with non-specific esterase were quite different
in the two animals.

The cat ellipsoid cells showed a positive but

reduced non-specific esterase activity; whereas, the dog ellipsoid
cells were distinctly negative (Pig. 23).

An occasional positive

reacting cell could be seen either on the periphery or within the
sheath.

These were assumed to be foreign cells caught within the

meshwork of the sheath.

Scattered positive cells were found elsewhere

in the spleen in areas similar to the metalophil and acid phosphatase
positive cells.
In general, dog ellipsoids were positive for the metalophil
and acid phosphatase techniques but negative for non-specific esterase,
indicating a basic difference in the physiological activity of the
dog and cat ellipsoid cells.

DAX.1 IM m -m UED poo?
One day after injection, the ellipsoids as seen by the
metalophil reaction, have been reduced in size (Table 3, pg. 64).
The red pulp has increased its number of positive metalophilic cells
(Fig. 2*0.

This suggests that some metalophilic ellipsoid cells

have migrated into the red pulp.

These red pulp metalophilic cells

are predominately of the non-stellate variety.

They are round

and possess short fine extensions if any at all.
As was seen in the cat, not all ellipsoids react in the same
manner at the same time.

Many appear normal with distinct borders.
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Others have a very diffuse outline due to the migration of cells.
Many extremely small ellipsoids can be seen in cross section.

These

contain only the inner layer of metalophilic cells.
The migration of ellipsoid cells is limited somewhat by the
surrounding venous sinuses.
as in the cat.

Cells cannot radiate in all directions

Most migration occurs directly from the ellipsoid

into the adjacent red pulp.

Metalophilic cells do not cross the sinus

spaces directly but pass along the reticular fibers which are seen
traversing or separating the sinuses.
Many metalophilic stellate cells are seen in both the
white pulp and the surrounding marginal zone.

The cytoplasmic

extensions from the cells in the marginal zone follow the curvature
of the nodules.
The acid phosphatase technique, likewise, showed a great
increase in the number of red pulp positive cells.

These cells are

essentially round indicating that the enzyme, acid phosphatase, is
located only in the cell body.

Ellipsoid cells are positive but slightly

less reactive than in the normal animal (Fig. 25).

This and the

increased number of red pulp positive cells greatly reduces the
contrast between the ellipsoids and the surrounding red pulp.

Mi

grating cells can be seen similar to that described above; yet,
ellipsoid borders are fairly distinct.
With this technique, ellipsoid size remains about the same
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TABLE 3
AVERAGE WIDTH OF DOG ELLEPSOIDS
(micron measurements)*

Technique

Zymosan-Treated
Normal

1 day

4 days

8 days

16

days

Metalophil

34.22

32.33

34.60

36.21

41.47

Phosphatase

45.22

^5.79

47.97

49.96

50.05

Esterase

None

None

None

None

None

Giemsa

4501

45.41

44.82

45.03

45*41

H & E

41.90

41.81

42.19

42.66

42.28

♦calculations found in appendix

as normal and, therefore, larger than those observed with the metalophil
reaction (Table 3).

This suggests that the peripheral ellipsoid

cells have acid phosphatase activity but lack whatever is necessary
to "color1* them with the silver impregnation method.
The dog spleen does not present a distinct marginal zone
like that of the cat with the acid phosphatase technique.

However,

this marginal zone area can be seen with its ellipsoids immediately
outside the white pulp.

The positive cell population in this area

did not increase at day 1 as it did^n the cat.
acid phosphatase cells were seen there at all.

In fact, few positive
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Mary positive cells were present in the white pulp.
As in the noarmal spleen, little non-specific esterase
activity is seen.

The ellipsoids are negative (Fig. 26).

Few reactive

cells are seen in the red pulp but are greatly reduced over those
seen with the acid phosphatase technique.

Many positive cells were,

however, observable in the white pulp nodules.

These possessed very

peculiar shapes with their granular accumulations.

No marginal zone

could be seen.
Morphological stained sections indicated little or no
change from the normal animal.

Ellipsoids appeared larger than with

the metalophilic technique but about the same as the normal ellipsoids
(Table 3» pg» 64).

Most ellipsoid cells remain highly positive.

They differ from day 1 animals in that the red pulp of this group contains
many more highly positive acid phosphatase cells than the others.
The ellipsoids appear to have fewer reacting cells because of the

J
migration.

DAy 4 ZYMPSAjJ-T REATEp pQGS
The number of metalophilic cells in the red pulp has increased
from day 1 animals (Fig. 27).

Highly branched stellate cells are

the most predominant with few non-stellate cells present.
migration has led

to less distinct ellipsoid margins and less contrast

between ellipsoids and the red pulp.
the sheaths.

The added

More open spaces can be seen in

In addition, many more of the small doughnut-like

ellipsoids with only their inner layer present can be seen.
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The appearance with the acid phosphatase technique has
changed very little from day 1 or even the normal animals (Fig. 29).
The white pulp still contains positive cells; whereas, the non-distinct
marginal zone has few positive cells.
from the normal (Table 3» pg« 64).
positive.
this group

Their size has changed little

Most ellipsoid cells remain highly

They differ from day 1 animals in that the red pulp of
contains many more highly positive acid phosphatase cells

than the others.

The ellipsoids appear to have fewer reacting cells

because of the migration.
Non-specific esterase activity was unchanged from the normal
or day 1 animals.

Ellipsoids, as well as most of the remaining

spleen, are negative (Fig. 29).

Few positive cells were seen in the

white pulp nodules and scattered throughout the red pulp.
Likewise, very few morphological changes could be seen.
Their size as measured from morphological stains was similar to normal
(Table 3» pg» 64).

The only observable difference from normal was that

the ellipsoids were slightly less cellular.

Hemosiderin was again

found in large quantities in both ellipsoid and red pulp cells.
Numerous red blood cells could now be seen in the increased intercellular
spaces.

DAI-8.ZYMDS&N-TftE^TEp, DOGS
The red pulp again shows a great increase over the previous
group in the number of large stellate metalophilic cells.
of positive cells are also present in the marginal zone.

Great numbers

6?
Migration of metalophilic cells from the ellipsoid has apparently
reached its peak.

The ellipsoids with their diffuse borders are very

indistinct and present little contrast with the red pulp (Figs. 30 and
31).

Sinus lining cells, as well as the similar layer around the

ellipsoids, are still negative.

Few positive cells were seen in the

white pulp.
At 8 days, the acid phosphatase reacting cells present a
very diffuse border to the ellipsoids (Figs. 32 and 33)•
positive cells are seen in the ellipsoids.

Fewer

This group is actually the

first to show the obvious presence of migrating cells with this
procedure.

Cells migrate mainly into the adjacent red pulp but also

across the sinuses on the reticular fibers.
negative.

Sinus lining cells are

The red pulp contains more positive cells and shows still

less contrast from ellipsoids than at 4 days.

The white pulp also

contains many positive cells but the marginal zone is still indistinct,
with few positive acid phosphatase cells.
Non-specific esterase activity was unchanged from previous
groups.

Ellipsoids were still negative (Fig. 34) while a few positive

cells were scattered throughout the spleen.
Histologically, the ellipsoids appear less cellular than in
day 4 animals.

Most nuclei are located toward the peripheral margins

of the sheath and extend into the red pulp (Fig. 40).
cellular red blood cells can be seen in the sheaths.

Few inter
Similarly,

hemosiderin is present but in lesser concentrations than in red pulp
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cells.

Few small lymphocyte-like cells appear in red pulp around ellip

soids and in the red pulp.

DAY 16 ZYMOSAN-TREATED DOGS
The appearance as shown by the silver impregnation method
is returning to normal.

The ellipsoids are larger and more distinct

than at 1, 4 and 8 days (Table 3, pg. 64.)

They have few open spaces

and show much more contrast with the surrounding red pulp (Figs. 35
and 36).

The number of metalophilic red pulp cells has been reduced

greatly but still exceeds the number in the normal animals.

Many

highly stellate metalophilic cells are still present in the marginal
zone.

Although the white pulp is darkened, few positive cells are

present.
Acid phosphatase activity has also decreased in ellipsoid
and red pulp cells (Fig. 37)•

Both decreased proportionally so that

there is still little contrast between the two.
less distinct than in the day 8 animals.

The ellipsoids are

Examinations of the peripheral

borders suggest that some cell migration is still taking place (Fig. 38)*
For the first time in zymosan-treated dog spleens, many positive acid
phosphatase cells were seen in the marginal zone.

Positive cells were

still present in the white pulp nodules.
The non-specific esterase activity showed results identical
to the other previously described groups.

Few positive reacting cells

were seen scattered throughout the spleen except for the ellipsoids
which were negative (Fig. 39)•
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Morphological studies indicate that the ellipsoids are
now more cellular.
the migrating cells.

Many ellipsoids show indistinct margins because of
As before, intercellular red blood cells are

present.

Day 16 ellipsoids differ in regard to their hemosiderin

content.

No hemosiderin was seen in the ellipsoids.

Red pulp cells

contained very small amounts.
In summary, the ellipsoids of Group VII animals, those
treated with zymosan, showed characteristic changes at various intervals
after the zymosan injection.

Migration of metalophilic ellipsoid cells

into the red pulp occurred as in the cat.

This cellular migration,

limited by the surrounding venous sinuses, occurred along the
reticular fibers that traverse the sinuses.

Non-specific esterase

activity was not found in the normal dog ellipsoid nor was it acquired
after reticuloendothelial stimulation.

After an initial reduction,

acid phosphatase activity remained similar to that found in the normal
animals.

Ellipsoid measurements showed the presence of an enlarging

positive acid phosphatase layer peripheral to the metalophilic cells.
Such cells reacted with the acid phosphatase technique but were negative
for the metalophil reaction, thus closely resembling the type of cells
found in zone II of the cat ellipsoids (Graph 2, pg.

69).

Morphological

stains showed newly acquired cells resembling small lymphocytes in the
red pulp surrounding the ellipsoids and not primarily localized to the
ellipsoid*s periphery as was the case in the cat.

Morphologically, the

average ellipsoid width was not changed after stimulation.

Except for
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the inner metalophilic layer, cellular zones similar to those of the
cat ellipsoids were not found in the dog.

INTRA.Vn.AL.

J:M£CTI0_NS

A normal dog was sacrificed immediately after having been
given 10 ml. of 5$ ink solution per kilogram body weight.
was seen in the red pulp.

Little ink

Almost all of the ink present in the spleen

was confined to the ellipsoids.

Carbon particles were evenly dispersed

throughout the ellipsoids except for the periphery which in most cases
contained lesser amounts or none at all.

Ink was apparently radiating

from the axial capillary and had not yet reached the more peripherally
located cells.

Carbon was not found within the endothelial cells.

After one-half hour, carbon particles had reached the outer
ellipsoid cells.

Carbon particles were now evenly distributed throughout

the whole ellipsoid.
place.

Very little condensation of carbon had taken

The granules were approximately the same size as before.

Little

ink could be seen in the red pulp.
Large accumulations of ink were present in ellipsoid cells
one day after the ink injection (Fig. 43).
were seen in the red pulp.

Few ink containing cells

Some ink containing phagocytic cells could

be seen migrating from ellipsoids to the adjacent red pulp.
This is the same basic pattern that was seen in normal cat
spleens after ink injections.

Ellipsoid cells of both animals are

highly phagocytic for the carbon of the India ink.

The minute carbon

particles are taken in by these cells and then aggregated into larger
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visible masses.

The ink gradually passes throughout the cells of

the ellipsoid starting from the inside layer and radiating to the
peripheral cells.

These heavy laden ink containing cells then

apparently migrate from the ellipsoids into the red pulp and
eventually leave the spleen.

Their ultimate destination is uncertain.

Contrary to the cats, dogs treated with zymosan still
showed phagocytic activity after 1 through

32

days of stimulation.

Phagocytosis of the intravitally injected ink was not inhibited.
Since quantitative measurements were not made, it was not determined
whether phagocytosis was enhanced.

Visual observations

seemed

to indicate that this was the case.

VASCULAR IMJSgTIONS
The method whereby ink gets to the ellipsoid cells has
puzzled many investigators for many years.

Some have reported

openings in the axial capillary; whereas, others have denied the
existence of such openings.

Therefore, vascular injections of vinyl

acetate, latex rubber, and concentrated ink were made in hopes of
shedding some light on this problem.
Vinyl acetate preparations proved to be unsuccessful since
the tissue had to be corroded away.

Very small blood vessels could

be seen and traced but the surrounding tissue was destroyed.
position of ellipsoids, therefore, could not be seen.
Latex rubber, likewise, proved unsuccessful.

Clearing

The
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of the tissue by wintergreen oil rendered the ellipsoids invisible.
However, the ellipsoids could be made visible by their phagocytic
action on previously injected ink.

The latex rubber could be followed

through the red pulp, but would end as it reached the ellipsoids.
The injection mass would stop at the site where the blood vessel
has been shown morphologically to transform into a capillary.
With India ink as the vascular injection medium, an
occasional penicillar artery could be traced.

Difficulty was again

encountered in permeating the smaller vascular channels.

Although

most penicillar arteries failed to show ellipsoids, few ellipsoids
were represented by masses of ink.

Ink apparently left the normal

vascular channel to become dispersed throughout the ellipsoids.

Due to

the slight number of such ellipsoids, little consideration was given
to this observation as indicating the axial capillary to be porous.

CHAPTER IV
DISCUSSION

The reticuloendothelial or macrophage system (RES) is so
widely distributed throughout the body that it is quite difficult to
visualize it in the form of a functionally integrated unit.

By

definition, this system is composed of those cells which have the
power of ingesting and segregating particulate matter.

Among such

substances are tissue debris, worn out or damaged cells and bacteria.
Many types of cells (muscle, epithelium and even nerve cells) can
take in foreign particulate matter.

However, these do not have the

ability to collect and store particulate material as do the truemacro
phages and, therefore, should not be considered as members of the RES.
The RES consists of the reticular and endothelial cells of
the spleen, liver, bone marrow, lymph nodes and the histiocytes
of the general connective tissue.

Although much is known pertaining

to the principle locations of these cells, very little is known
about their precursors (stem cells), derivatives or their ultimate
fate.

Even their basic function or functions have lately been

subjected to many investigations and have not yet been clearly
elucidated.

7^
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In any reticuloendothelial study, it is, of course,
advantageous to employ methods to produce reticuloendothelial cell
hyperplasia.

Numerous and various materials have been used.

Each

gives basically the same results, marked proliferation of reticuloendo
thelial cells.

At least five theories on the origin of these newly

proliferated cells are presented in the literature.

Dellepiane (23)

reported fetal hepatic endothelium could transform into mobile
endothelial elements, probably gifted with phagocytic activity.
transformation was hastened upon stimulation.

This

Howard (h8), likewise,

considered the increased number of Kupffer cells during RES activation
to represent a transformation of some endothelial cells present in the
sinusoids into Kupffer cells.

Resident or circulating lymphocytes

have been considered stem cells for new macrophages by Weiss (130),
Forbes (3*0, and Snook (113).

Weiss (130) also considered monocytes

to be a source of new macrophages.

It is interesting to note that

Weiss (130) also considered the reverse procedure to exist.

Reticular

cells, considered multipotential, may undergo transformation into
lymphocytes and monocytes and account for some of those seen in
cords and sinuses.

Investigators too numerous to mention claim

phagocytic cells to arise from similar mature phagocytic cells by
mitosis or from the maturation of immature phagocytic cells.

The

last postulated source of macrophages is from primitive undifferentiated
mesodermal cells as suggested by Wooles and Di Luzio (137).
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Thiel and Downey (122) considered ellipsoids to be cells of
the general mesenchyme that have drawn in their processes to become
more compact.

These primitive reticuloendothelial cells are mnltipo-

tential and apparently capable of differentiating into several cell
series to produce phagocytic and antibody-forming cells.

Cells

of each lineage must undergo a series of maturation steps before
they become fully active.

Let us first consider the obscure facts

associated with maturation of phagocytic cells and relate them to the
findings of the present study.
Kent (5*0 observed that in the chick embryo rapid and
extensive uptake of particulate matter does not occur until the main
centers or the RES have been differentiated.

Injected Thorotrast

was absent in embryos of under h days incubation.
spleen were not yet differentiated.

The liver and

He concluded that phagocytosis

was not a property of all undifferentiated mesodermal cells but that
it is a specialized activity which develops in some cells at certain
times.

Similarly, Suzuki (118) found that phagocytic potentialities

of the spleen were not expressed until late in the last third of
gestation in the albino rat, thus indicating the existence of
cellular maturation.
Studies associated with stimulation of the RES also substan
tiates the fact that reticuloendothelial cells have to reach a certain
level of maturation before they become actively phagocytic.

It is
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a well established fact that reticuloendothelial stimulation results
in extensive reticuloendothelial cell hyperplasia.

As Schoenberg

et al (105) and Gunderson et al (41) have shown, these newly prolifer
ated reticuloendothelial cells do not possess phagocytic activity.
However, they did state that with time such cells would reach or
even exceed the phagocytic capacity of the normal cell.
Similar observations were seen in this study.

The normal cat

and dog ellipsoid possesses great phagocytic capacities.

This was

observed with intravital ink injections in normal animals.

The

ellipsoid cells were the most efficient splenic cells in removing
this particulate matter.

After administration of the reticuloendo

thelial cell stimulator, zymosan, new cells appeared in the cat ellip
soids.

Intravital injections of ink in these animals failed to

show signs of phagocytosis.

This indicates that the mature phagocytic

cells of the normal animal are no longer present.
the zymosan and migrated from the ellipsoids.

They phagocytized

The new cells derived

from the multipotential reticuloendothelial cells are present but
have not yet matured enough to undergo phagocytosis.

Additional

information concerning the relationship of raetalophilia and the
enzymes, acid phosphatase and non-specific esterase, to the maturation
of phagocytic cells will follow later in this discussion.
These primitive reticuloendothelial cells of dog ellipsoids
react somewhat differently than do similar cells in the cat.

They
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are believed to undergo the same stages of maturation tut in an
accelerated manner.

This may in part be due to their random location

throughout the ellipsoid.

Unlike the cat, there is no predominant

peripheral location of these cells.

Maturation of phagocytic cells

occurs so rapidly that the ellipsoids remain actively phagocytic
following stimulation.
As Schoenberg et al (104) have reported, only a portion of
the reticuloendothelial cells participate in phagocytosis.

This may

in part be due to the lack of maturity of future phagocytic cells as
previously described.

The works of Gunderson et al (41), Wooles and

DiLuzio (137) and La Via et al (62) suggest that these non-phagocytic
reticuloendothelial cells belong to another cell series, those capable
of producing antibodies.
changes begin to occur.
digests the antigen.

Soon after antigen introduction, histological
A mature macrophage phagocytoses and probably

This cell must give some stimulant to the

neighboring primitive reticuloendothelial cells.

Thus stimulated,

the primitive reticuloendothelial cells divide and give origin
to antibody-forming cells.

These then change their appearance and

develop into cells, most of which resemble small lymphocytes, while
a few resemble mature plasma cells.
The same events are believed to take place in stimulated cat
and dog ellipsoids.

Mitotic activity becomes apparent after stimulation.

Diameter measurements of stimulated ellipsoids with morphological
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stains show an increased width over the normal cat.

Some of these

new cells are destined to become phagocytic, as previously
described; others antibody-forming cells.

These antibody-forming

cells have a large nucleus with prominent nucleolus and basophilic
cytoplasm.

La Via et al (62) have shown that as this cell matures

its cytoplasm becomes increasingly basophilic.

This suggests an

increase in ribonucleic acid and, therefore, of active protein
synthesis.

This cell type soon reaches a peak and suddenly disappears.

At this time a new cell type appears.

It closely resembles a small

lymphocyte with its dark nucleus and small amount of basophilic
cytoplasm.

These lymphocyte-like cells are found scattered throughout

the red pulp as well as immediately encircling the ellipsoids.
Occasionally, such a cell could be seen within an ellipsoid.

These

cells are considered negative for the enzymes, acid phosphatase and
non-specific esterase, as well as for the impregnation of silver.

Based upon diameter measurements with the various techniques
employed in this study, cat ellipsoids were divided into three cellular
zones.

Zone I consisted of cells negative for both metalophilia and

enzymes but distinctly present with morphological stains. The cells
in this zone are the multipotential reticuloendothelial cells which
give rise to the other cell types. Zone II was comprised of cells
reactive for the enzymes but non-reactive with silver impregnation
methods. These are cells destined to become phagocytes. They have
undergone one stage of maturation in acquiring certain enzymatic
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activities.

Zone H I

is made up of cells reactive for the enzymes

and Marshall’s metalophil reaction.

These are future phagocytic cells

that have matured one stage further than cells of zone II.

Although

these cells in the cat possess metalophilia and show enzymatic activity,
they are still not mature phagocytic cells.

This is evident from

their failure to phagocytize intravitally injected India ink.

Some

other unknown quality must be acquired in order to make these cells
truely mature phagocytic cells.

The results of these measurements

are given in Table 2 and 3> pages 43 and 64, and represented graphically
on pages

50

and

69.

Observations of different reticular cells are not new.

Weiss

(131), in a recent investigation, reported the presence of several
types of reticular cells in the spleen.

Whether the phagocytic

reticuloendothelial cells constitute an additional cell type or are
of the above type was not determined.

Similarly in a recent electron

microscope study, Roberts and Latta (101) have shown the red pulp
framework to possess three different reticular cell types.
The type found in most abundance was a primitive multi
potential connective tissue cell which served as a precursor for the
other two cell types.
The location of these multipotential primitive reticuloendo
thelial cells differs in cat and dog ellipsoids.

In both cases, these

cells are scattered throughout the ellipsoids as they are in the red
pulp.

In the cat, however, the periphery of the ellipsoid is the
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predominent site of such cells. This is evident from the increased
width of zone I during stimulation.
peripheral localization.

The dog ellipsoid lacks this

One should keep in mind at this time that

we are dealing with two basically different types of spleens.

The

cat, without any surrounding venous sinuses, is free to enlarge.
On the other hand, the dog ellipsoid is limited in its expansion
by these intimate sinuses. Morphological measurements show the
dog ellipsoids to remain approximately the same size upon stimulation
(Graph

2,

pg.

69).

So far two functions of reticuloendothelial cells have been
presented. Recent investigations have linked the RES with numerous
other body activities. For example, Krinsky et al

(57)

indicated

the RES to be the site of removal of vitamin esters from plasma.
Hyman and Paldino (^9) have shown that native proteins are transported
from vascular to extravascular compartments via RES activity.

Reichard et al (96,

97)

have demonstrated a humoral substance which

is produced and/or stored in the RES.

This humoral substance has

the capacity to protect normal animals against traumatic shock.
The RES has been related to normal growth by Stern (117) and to
neo-plasic growth by Old et al (85).

Di Luzio (25) and Waddell et al

(12*0 have presented evidence to connect the RES with lipid metabolism.
Still other investigations like Fisher and Fisher (31) and Fisher et al
(32) have shown the RES to be of great importance in transplantation.
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With such diversified activities, it is easy to see -why one
finds it hard to visualize this network of cells as a functionally
integrated unit.

In fact, should this network of cells be listed

under the title, RES?

Not all cells are capable of collecting and

storing particulate material.

The author feels, as does Schoenberg

et al (10*0, that the functional definition of the RES based upon
phagocytosis must be re-examined.

Consideration should be given

to re-naming this cellular network along some common morphological
and/or physiological grounds.

The present RES would then be nothing

more than one subdivision of this overall organization.

!i3aa».S FHOSFHATASE AND ESTERASE POSITIVE CELLS
Any attempts to morphologically define the RES in normal
or pathological tissues cannot be accomplished by using the functional
concept.

Therefore, a search has been underway to find newer methods

to define the cells ofthis system in terms of their structure and
staining reactions in fixed tissues.
Marshall (71), having revised the silver impregnation method
of Hortega, found a close correlation between these darkened
metalophilic cells and the cells of Aschoff's RES.

By nuclear

counterstaining of such preparations, he discovered that not all
reticuloendothelial cells were darkened.

Those reticuloendothelial

cells lacking affinity for silver were considered to be the nonphagocytic and non-dye-storing cells of great potential previously
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described by Maximow (72).

These cells, designated primitive

reticuloendothelial cells in this study, are dispersed throughout the
dog and cat ellipsoids, but primarily localized in zone I of the
cat ellipsoid, and are precursors to the more mature metalophilic
cells of zone III.
Braunstein et al (11) and Barka et al (5) considered the
metalophilic approach to reticuloendothelial cell study to be unreliable
because of false positive staining.

To them, the study of enzyme pat

terns was believed to have greater potentials.

Therefore, the litera

ture contains numerous reports of enzymatic activity in reticuloendothelial
cells.
Ruteriberg and Seligman (103) found the greatest acid
phosphatase activity in the prostate, liver, ovary, kidney and spleen.
All cells of the red pulp were positive; whereas, the cells of the
white pulp were completely negative.
Gomori (36), when presenting the original acid phosphatase
technique, reported that heavy concentrations of this enzyme were
confined to the cords of Billroth, in which all cell types were stained.
The darkest staining was shown by macrophages and monocyte-like elements.
Thus, acid phosphatase staining permits simple visualization
of phagocytic reticuloendothelial cells and provides a means of study
ing their functional activity.

The appearance of acid phosphatase

activity has been suggested to be related to phagocytic activity,

2 0*15 4 J
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(Weiss and Fawcett, 132; Burstone, 14; Howard, 48; Doyle, 28;
Takikowa, 120; Seaman, 107; Dorfman, 27; and Pettersen, 91)•
The next most frequently reported enzyme associated with
phagocytic reticuloendothelial cells is non-specific esterase.
Carbonell (18), Pearson and Defend! (90), and Chessick (20) reported
the presence of scattered non-specific esterase positive cells in vari
ous organs.

Although not certain, they postulated that these

unidentified cells were probably macrophages.

Doyle and Liebelt

(30) applied biochemical and histochemical methods for simple esterases
to lymphoid tissues of the rabbit appendix and noted a positive
correlation between esterase content and phagocytic cells.

Wells

(133) reported that dermal histiocytes of earthworms are rich in
non-specific esterase suggesting that these enzymes are generally
present in actively phagocytic macrophages.
Snook et al (114) suggested that active full-fledged
reticuloendothelial cells should possess three characteristics:
(l) they should be phagocytic, (2) they should be metalophilic, and
(3) they should contain the enzymes non-specific esterase and acid
phosphatase.
Pettersen (91) studied the marginal metalophils of untreated
and stimulated rats.

These metalophilic cells were found to possess

strong acid phosphatase activity but only slight activity for
non-specific esterase.

Following stimulation, non-specific

esterase activity increased in these cells.

Metalophilic cells in
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the normal white pulp nodules were always more numerous than cells with
enzymatic activity.

Many of these raetalophilic cells also developed

enzyme activity following stimulation.

That rich enzymatic systems

may develop during activation of resting histiocytes was also shown
by Grupp and Hupe (hO).
Results of the present study are not in agreement with those
presented above.

Previous investigations by Mills (76) and Solnitzky

(11 5 )» as well as the present study, have shown ellipsoid cells to
be phagocytic for intravitally injected ink and, therefore, a part
of the RES.

1963)

The author’s previous histochemical study (Jacobsen,

and the present study show the presence of acid phosphatase

activity in ellipsoids of cat and dog spleens.

Slight non-specific

esterase activity was found in cat ellipsoids but was completely
lacking in the ellipsoids of the dog.
shown to be highly metalophilic.

Ellipsoid cells were also

According to the postulation of

Pettersen (91), stimulation should increase or cause the development
of non-specific esterase activity in reticuloendothelial cells.

Thus,

non-specific activity should increase in the cat and develop in dog
ellipsoids.

Such was not the case.

was neither acquired nor increased.

Non-specific esterase activity
Since both ellipsoids are known

to be phagocytic, one must assume that non-specific esterase is
not necessary for the activities of a phagocytic cell.

Also

one must conclude that these cells are active full-fledged macrophages
even though they may lack the enzyme, non-specific esterase.

86
Pettersen (91) reported that all reticuloendothelial cells
possessing enzyme activity were also metalophilic but that the converse
was not true.

Cat ellipsoids show a distinct cell layer, zone II, that

contradicts this statement.

These cells possess both acid phosphatase

ad non-specific esterase activity but fail to react with Marshall’s
metalophil reaction.

Furthermore, the method of maturation seems to be contrary
to that reported by Pettersen

(91)

and Snook

(112).

They concluded

that primitive reticuloendothelial cells were negative for metalophilic
and both enzymes. These primitive cells differentiated into immature
phagocytic cells and to become metalophilic. They then undergo further
maturation by first acquiring acid phosphatase and later non-specific
esterase activity to become full-fledged macrophages. The author’s
interpretation of the results of this study indicate an almost reverse
procedure to exist in the ellipsoids.

The primitive reticuloendothe

lial cells of zone I are negative for both enzymes and Marshall’s metalo
phil reaction. These cells then move into zone H and undergo the
first stage of maturation to acquire the enzymes, acid phosphatase
and non-specific esterase in the cat and only acid phosphatase in the
dog.

They are still non-reactive for the impregnation of silver.

The second stage of maturation is then reached when these cells acquire
the **substance” necessary to become metalophilic. They are now in
zone III and possess enzymatic activities as well as metalophilia.
Failure of phagocytosis after intravital injections of ink into
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stimulated cats indicate that new zone I H
phagocytic.

cells are still not

They must undergo another stage of maturation to become

active full-fledge macrophages.
This method of maturation is advantageous for the ellipsoids.
Particulate material reaches the ellipsoids by way of the axial
capillary*

Zone H I

intimately surrounds this centrally located

capillary.

Thus, the active mature macrophages are in close contact

with the circulating blood.

PHAGOCYTOSIS OF INTRAVITALLY INJECTED INK
Several controversies have arisen concerning the mechanism
of phagocytosis or intravital staining versus supravital staining.
Ludford (66) stated there was no fundamental difference between the
two methods.

Both were considered to give rise to new formations in

the cell, and both under certain conditions could stain preformed
structures.

Such staining was thought to be by the physio-chemical

properties of the bodies stained.

According to Lewis (64), ingested

materials were never taken into pre-existing vacuoles.

After passing

into the cytoplasm, the particles would aggregate and form vacuoles.
This aggregation can easily be observed in ellipsoids soon after
intravital ink injections.

The submieroscopic carbon particles are

gradually aggregated into larger visible cytoplasmic inclusions.
Lewis (64) believed supravital dyes to stain only pre-existing
cell inclusions and not living cytoplasm.
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With the advent of the electron microscope, more light was
shed on the phagocytic process.

Injected materials were seen by

Kojima and Yutaka (56) and Toro and Rohlich (123) to combine with body
proteins, particularly albumin, before arriving at the reticuloendo
thelial cells.

Then, as shown by Brewer (13), an interaction takes

place between the cell membrane and this protein-dye complex.
The cell membrane eventually becomes closely attached around the
whole surface of this complex.

This surrounded protein-dye complex

then is detached from the surface and passes into the cell cytoplasm
to form a phagocytic vacuole.
These phagocytic vacuoles have recently been verified in
electron microscope studies to be related to the cytoplasmic vacuoles
or lysosomes previously reported by DeDuve (21).

lysosomes are

membrane-bound structures containing acid hydrolytic enzymes.

Hirsch

and Cohn (h-7) have convincingly demonstrated that the enzymes are
discharged directly into phagocytic pouches to attack and degrade
the engulfed material.

It is possible, though not conclusively

demonstrated so far, that lysosomes may rupture and cause death of
their host-cells.

The discovery of these enzyme bearing lysosomes

verifies the work of Palade (8 7 ), whose biochemical study in 1951
indicated that acid phosphatase activity was almost entirely located
in the cytoplasmic fraction.

Observations of acid phosphatase

activity in the nucleus by Wolf et al (136 ) are considered to be
artifact
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Benacerraf et al (7) found colloidal particles to be cleared
from the blood by phagocytes of the RES according to an exponential
formula.

The speed of phagocytosis was found to be determined by

several factors:

(l) dose of particles injected, (2) state of

saturation or stimulation of the phagocytes, (3) size of reticuloendo
thelial organs, (4) blood flow through these organs, (5) size and
nature of injected particles, (6) body temperature of animals, and
(7) animal species and age.
Stimulation of reticuloendothelial elements by the injection
of various materials results in an initial depression of the phagocytic
activity of the RES.

For example, Moore et al (77) introduced

Freund's adjuvant to produce RES stimulation.

Hiagocytic ability was

then examined with injected saccharated iron oxide and compared to
normal.

Only a few of the many proliferated cells accumulated iron

in their cytoplasm.

DiLuzio and Wooles (26) presented histological

evidence indicating the reticuloendothelial-depressant effect was
not due to destruction of reticuloendothelial cellular elements but
rather to an interference with the phagocytic activity.

Murray (79)

claimed this blockade was due to the surface properties of the
injected particles.

Gordon and King (37) considered the inhibition

of phagocytosis to result from protein alterations.

Either protein

transformation in the cell membrane was inhibited or the "stimulant"
combined with the protein portion of the cell membrane and thus
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renders it impermeable.
From the ellipsoid study, this author believes that the
normally mature phagocytic cells have incorporated the injected
material.

These phagocytic ellipsoid cells then move into the red

pulp and eventually disappear from the spleen.

Juhlin (52) and

Nieol and Bilbey (81) have even suggested that these phagocytes
may pass from the body via three pathways:
a n d (3) lungs.
lipsoids.

(1) kidney, (2) bowels,

Active phagocytic cells are then lacking in the cat el

This is shown by the lack of phagocytosis after the intra-

vital ink injections in stimulated cat spleens.

Other potentially

phagocytic cells have not yet undergone the necessary stages of
maturation to become actively phagocytic.

As time progresses, these

cells will reach or even exceed the phagocytic capacity of the normal
ellipsoid cell.

The maturation of such cells takes place quite

rapidly in the dog ellipsoids.
did not occur.

In fact, inhibition of phagocytosis

Phagocytosis of intravitally injected ink occurred

during all experimental intervals following zymosan stimulation.
Phagocytosis of intravital ink did not reappear in the cat ellipsoids
until

32

days after stimulation.

A H A L CAim f i Y
Ellipsoid cells are actively engaged in removing particulate
material from the blood.

The method whereby this particulate

material reaches the ellipsoid cells is uncertain.

Many investigators
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(3, 116, 84, 121, 102, 119* 76) have considered the axial vessel to
be perforated.

Several of these investigators assumed pores to be

present even though they could not observe such openings.

The

presence of pores would explain the physiological evidence obtained
with intravital ink injections.
Later investigations by Passalaequa (88), Solnitzky (115)
and Knisely (55) failed to show perforations of the axial capillary.
Even the transilluminations studies of MacKenzie et al (67)
found the capillary wall to be intact.

Therefore, an attempt was made

in this study to help clarify the nature of this vessel by the
arterial injection of three different substances:

(1) vinyl acetate,

(2) latex rubber and (3) concentrated India ink.
Vinyl acetate was found to be an excellent substance for
tracing blood vessels, especially larger vessels.

Although very

small vessels could be seen with careful preparation, the technique
was not useful for locating the axial vessel.

After corrosion of

the tissue, one could not locate the position of the ellipsoids.
To a certain degree, the same was true with the injection
of latex rubber.

Such preparations are cleared

thus rendering the ellipsoids invisible.

in wintergreen oil,

However, this was overcome

by the intravital injection of ink prior to death, followed by the
injection of the latex rubber.

Ellipsoid cells phagocytized the

ink which remained visible after the clearing process.

These prepara

tions showed the latex rubber to end at the onset of the capillary
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formation.

Latex rubber was never seen beyond the efferent end of

the axial capillary and, therefore, did not aid in the study of the
axial vessel.
failure.

There are two possible explanations for this injection

First, the rubber may not have been thin enough to pass

through the minute capillary.
various dilutions.

Attempts were made without success with

Secondly, the lumen of this capillary may be

impermeable to vascular injections due to closure.

This closure may

be due either to the tall endothelium obliterating the lumen or to a
contraction of the endothelium before or after death.

It is generally

accepted that adult mammalian capillaries do not contract but recent
electron-microscopists, Zwilleriberg and Zwilleriberg (140) and Weiss
(128), have reported the presence of possible smooth muscle type fibers
in ellipsoidal endothelial cells.
Failure of concentrated India ink to make complete vascular
injections of all penieillar arteries can be explained for reasons
similar to those presented above.
were represented.

However, some channels and ellipsoids

Although sections were observed in which red blood

cells appeared to be passing through the axial capillary, no direct
morphological evidence was found to indicate the presence of pores.
Little work has been reported in regards to the ultrastructure
of this axial capillary.

The relationship of this vessel to the

uptake of intravitally injected ink by ellipsoid cells should be
analyzed further at the electron microscope level.

Such a study

should determine the nature of the basement membrane.

The absence
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of an obturating axial membrane would help to explain the permeability
of the axial capillary.

In addition, the study should search for

clefts similar to those reportedly present in sinusoids.

The presence

of such structures could aid in explaining the ease and rapidity
of storage and phagocytosis by ellipsoid cells.

CHAPTER V

SUMMARY AND CONCLUSIONS

Ellipsoid cells are shown to be an integral part of the
reticuloendothelial system (RES).

The ellipsoids of normal animals

are intensely phagocytic for the carbon of India ink.

Enzymes associ

ated with phagocytic activity have been identified in ellipsoid
cells.

Both cat and dog ellipsoids contain the hydrolytic enzyme,

acid phosphatase.

Non-specific esterase, another hydrolytic enzyme

commonly found in macrophages, was found in abundance in the ellipsoids
of the cat spleen but was lacking in the dog.

That ellipsoids are

part of the RES is further substantiated by the ellipsoid's intense
reaction with Marshall's aramoniacal silver method.
In order to study the effects of RES stimulation, zymosan,
a known RES stimulator, was given intravenously to parellel groups
of dogs and cats.

Animals were sacrificed at intervals of 1, 4, 8,

16 and 32 days after the single zymosan injection.

As in the normal

animals, an analysis was made of their acid phosphatase and non-speci
fic esterase activity and metalophilia.

Additional animals were

given intravital injections of India ink after certain periods of
zymosan stimulation to test the effects of reticuloendothelial stimulation
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upon phagocytosis.
Vascular injections of vinyl acetate, latex rubber and
concentrated India ink were also made in an attempt to elucidate
the nature of the axial capillary.
The results of this study permit the following
conclusions to be made:
1.

Ellipsoids, as an integral part of the RES, possibly

serve for both phagocytosis and antibody formation.
2.

The reticuloendothelial stimulator, zymosan, affects

ellipsoids of dog and cat spleens in a similar manner.
cells migrate into the red pulp.

Ellipsoid

This migration is followed by an

increase in the number of ellipsoid cells.

In the eat, these

additional cells are believed to come primarily from the peripheral
ellipsoid cells and in the dog, from more diffuse cells which develop
mitotic activity upon stimulation.
3*

Non-specific esterase activity does not appear in dog

ellipsoids after stimulation.

The postulation that negative

non-specific esterase cells are primitive reticuloendothelial cells
and that upon stimulation they develop into mature reticuloendothelial
cells with non-specific esterase activity, does not hold true in
dog ellipsoids.
4.

After stimulation, an outer layer of cat ellipsoid cells

remains negative for the enzymes, acid phosphatase and non-specific
esterase, and for the silver impregnation method.

These cells are
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assumed to be primitive reticuloendothelial cells which have as yet
undergone little or no differentiation.

The number of these cells

is increased upon stimulation via mitotic activity of its own kind.
5*

Multipotential reticuloendothelial cells are believed

to be activated along two different lines:
a.

One series includes phagocytic cells.

As these cells

differentiate, they first acquire enzyme activity and
secondly, the "substance” necessary for reacting with
Marshall’s ammoniacal silve^reparation.
b.

The other series included antibody-producing cells.

These antibody-forming cells are believed to ultimately
differentiate into cells resembling lymphocytes and pass
from the spleen.
6.

Multipotential reticuloendothelial cells are located in

the peripheral margin of cat ellipsoids, while in the dog, they are
evenly dispersed throughout the ellipsoid.

Multipotential cells

are adjacent to mature phagocytic cells that probably stimulate these
primitive cells to produce additional potentially phagocytic cells
or antibody-forming cells as the need occurs.
7.

Not all cells positive for the enzymes, acid phosphatase

and non-specific esterase, are metalophilic.

Measurements show

that after stimulation ellipsoids are wider with the enzyme techniques
than with Marshall’s metalophil method.

It is suggested that this

cellular zone represents a differentiation of primitive reticulo
endothelial cells toward a more mature reticuloendothelial cell
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which will eventually be capable of phagocytosis.
8.

Not all metalophilic cells are phagocytic.

Intravital

injections of India ink into the cat after stimulation failed to
designate phagocytic cells since ink was no longer phagocytized by
ellipsoid or red pulp cells.

It is assumed that previously existing

phagocytic cells have moved from the ellipsoids and that new phagocytic
cells have not yet reached their maturation level to allow them to
become phagocytic.
9.

Maturation of the phagocytic series in the dog ellipsoids

following stimulation occurs more rapidly than in the cat ellipsoids.
Fhagocytic inhibition did not occur in the dog ellipsoids following
stimulation; whereas, inhibition did occur in the cat.
ink was not acted upon by cat ellipsoids until
10.

32

Intravital

days after stimulation.

The method whereby particulate material gets to phago

cytic cells remains uncertain.

Indications of a porous axial capillary

were seen with morphological stains but could not be verified
with vascular injections.

The need arises for additional study of

this problem at the electron microscope level.
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PLATE I
Explanation of Figures

Figure 1

-This photomicrograph represents the metalophilic reaction
of a normal cat spleen. Note the distinct ellipsoids and
the distribution of metalophilic red pulp cells. Marshall*s
Metalophil Reaction. X270.

Figure 2

-Acid phosphatase activity in the normal cat spleen is shown
in this photomicrograph. The distribution of positive cells
is similar to the metalophilic cells in figure 1. Acid Fhosphatase. X 270.

PLATE II
Explanation of Figures

Figure 3

-This photomicrograph presents the non-specific esterase
activity in the normal cat spleen. Note that ellipsoid
cells are positive, but less reactive than shown with the
acid phosphatase and metalophil techniques. Non-Specific
Esterase. X 270.

Figure h

-Several ellipsoids show signs of cell migration in day
1 zymosan-treated cats. Their peripheral borders are not
as distinct as normal. In addition, the red pulp contains
more metalophilic cells. Marshall's Metalophil Reaction.
X 270.

PLATE H I
Explanation of Figures

Figure 5

-Acid phosphatase activity in the ellipsoids (e) has
decreased in day 1 zymosan-treated cat spleens.
Sections had to be incubated longer than normal. Positive
red pulp cells were not as prominent as metalophilic cells.
Not all dark cells in this photomicrograph are positive for
acid phosphatase. Acid Fhosphatase. X 300.

Figure 6

-In day 1 zymosan-treated cat spleens, non-specific
esterase was greatly reduced in the whole spleen.
Ellipsoid (e) cells showed little activity. No positive
cells were seen in the white pulp nodules* Non-Specific
Esterase. X 3 ^ *

PLATE IV
Explanation of Figures

Figure 7

-Occasional signs of mitotic activity were seen in
ellipsoids as shown t?y the arrow in the day 1 zymosantreated cat spleen. Almost all mitotic divisions were
seen in the peripheral margin of the ellipsoids.
Giemsa. X 750*

Figure 8

-This photomicrograph shows red blood cells (arrow) passing
from the axial capillary (ac) into the intercellular
meshwork of a cat ellipsoid. Giemsa. X 750.

PLATE V
Explanation of Figures

Figure 9*

-Small lymphocyte-like cells appear in the red pulp after
stimulation* These can be found scattered throughout the
red pulp* Some are present, as shown by the arrows,
immediately surrounding the ellipsoids* Occasionally,
several can be found within the ellipsoid* The ellipsoid
is from a day 8 zymosan-treated animal* Giemsa* X 750*

Figure 10* -Riotomicrograph shows the metalophil reaction in a day h
zymosan-treated cat spleen* little contrast can be seen
between the ellipsoids and the increased number of metalo
phil s in the surrounding red pulp* Migration of ellipsoid
cells occurs in all directions* Marshall's Metalophil
Reaction* X 270*

H A T E VI
Explanation of Figures

Figure 11. -With the acid phosphatase technique, peripheral ellipsoid
borders are less distinct in day h zymosan-treated animals
than with the same technique in day 1 animals. Migration,
uninhibited by venous sinuses, occurs in all directions.
Acid Hiosphatase. X 270.

Figure 12.

-Non-specific esterase activity is still reduced over
normal in day U zymosan-treated animals. As shown, the
reaction in the ellipsoids (e) was quite diffuse. Sites of
activity were similar to the acid phosphatase activity sites.
Non-Specific Esterase. X 270.

PLATE VII
Explanation of Figures

Figure 13• -This photomicrograph shows the metalophil reaction in
day 8 zymosan-treated animals* Differentiation of ellipsoids
from the highly positive red pulp is quite difficult*
Metalophilic ellipsoid cell migration has reached its
peak in this group* Marshall’s Metalophil Reaction* X 2?0*

Figure 14* -Several cross sections of ellipsoids are shown under
higher magnification* Little contrast is shown between
ellipsoids and the surrounding red pulp in day 8 zymosantreated cat spleen* Marshall's Metalophil Reaction* X 350*

PLATE V H I
Explanation of Figures

Figure 15* -This photomicrograph shows little contrast between the
ellipsoids and the surrounding red pulp due to the reduced
activity of the ellipsoids and the increased number of
positive red pulp cells in day 8 zymosan-treated cat
spleen* Acid Phosphatase* X 270*

Figure 16. -Non-specific esterase activity has increased slightly in
ellipsoids (e) of day 8 zymosan-treated cat spleen from day
4 animals* Reaction sites were not as diffuse as the
previous group* Black and white photography fails to
adequately represent the colored substrate-dye complex*
Non-Specific Esterase. X 270*

PLATE IX
Explanation of Figures

Figure 17* -Ellipsoids are again distinct in day 16 zymosan-treated
cat spleen. They are larger and their peripheral borders
do not show migration. The number of metalophilie red
pulp cells has decreased from the previous group. Marshall*
Metalophil Reaction. X 270.

Figure 18. -Positive acid phosphatase cells can still be seen
extending from the ellipsoidal margins in day 16
zymosan-treated cat spleens. However, cell migration
is reduced over day 8 animals. Acid Fhosphatase. X 270.

PLATE X
Explanation of Figures

Figure 19* -Although sites of non-specific esterase activity are
similar to a d d phosphatase, non-specific esterase
activity is considerably less than phosphatase. Ellipsoids
(e). Non-Specific Esterase. X 270.

Figure 20. -The normal dog ellipsoid may have several venous sinuses
immediately surrounding it. Note the presence of several
sinuses (s), the axial capillary (ac), and a efferent
capillary (eac) leading to an ampulla (a). Marshall's
Metalophil Reaction. X 3^0.

PLATE XI
Explanation of Figures

Figure 21* -This photomicrograph shows the normal distribution of
positive ellipsoids and red pulp cells with Marshall's
Metalophil Reaction in the normal dog spleen* X 2?0«

Figure 22* -Sites of acid phosphatase activity in ellipsoid and
red pulp cells of the normal dog spleen closely resembles
that of the metalophilic cells* Acid Riosphatase* X 270*

PLATE X U
Explanation of Figures

Figure 23 »

-Normal ellipsoids (e) fail to show non-specific esterase
activity; whereas, a few red pulp cells do react. NonSpecific Esterase. X 375*

Figure 2k* -This photomicrograph shows that dog ellipsoids decrease
in size and the red pulp increases in metalophilic cells
1 day after the zymosan injection. Marshall’s Metalophil
Reaction. X 270.

PLATE XIII
Explanation of Figures

Figure 25« -Acid phosphatase activity has decreased slightly in day
1 zymosan-treated dog ellipsoids over normal animals*
The number of positive red pulp cells has increased*
Acid Phosphatase* X 350*

Figure 26 . -Ellipsoids (e) of day 1 zymosan-treated dog spleens remain
negative for non-specific esterase activity. Several positive
cells can be seen scattered in the surrounding red pulp*
Non-Specific Esterase* X 750*

PLATE XIV
Explanation of Figures

Figure 27* -This photomicrograph presents the metalophil reaction
in day b zymosan-treated dog spleens* Ellipsoids have
become smaller and show very indistinct borders due to the
migration of ellipsoid cells* Note also the increased number
of metalophilic cells in the red pulp over day 1 treated
animals* Marshall's Metalophil Reaction* X 270*

Figure 28. -Little difference has occurred in this day b zymosantreated dog spleen over day 1 animals in regards to acid
phosphatase activity* Ellipsoids are still less reactive
than normal, while the red pulp contains more positive cells*
Acid Phosphatase* X 270*

PLATE X V
Explanation of Figures

Figure 29• -As in the previous groups, ellipsoids (e) remain
unreactive for non-specific esterase activity in day h
aymosan-treated dog spleens* Non-Specific Esterase* X 750*

Figure 30* -Migration of metalophilic ellipsoid cells reaches its
peak in day 8 zymosan-treated dog spleens* Ellipsoids
appear porous from absence of cells* Their peripheral
margins are very indistinct* The red pulp contains
numerous metalophilic cells* Marshall's Metalophil Reaction*
X 270.

ELATE XVI
Explanation of Figures

Figure 31« -This photomicrograph shows the little contrast present be
tween ellipsoids (e) and the surrounding red pulp in day
8 zymosan-treated dog spleens* Few metalophilic cells
remain in the ellipsoids; whereas, the red pulp possesses
great numbers of highly metalophilic cells* Marshall’s
Metalophil Reaction* X 270*

Figure 32. -Fewer positive acid phosphatase cells are seen in the
ellipsoids (e) of day 8 zymosan-treated dog spleens* This
group is the first to show obvious ellipsoid cell migration
with the acid phosphatase technique* little contrast between
ellipsoids and red pulp exists* Acid Phosphatase* X 270*

PLATE XVII
Explanation of Figures

Figure 33* -This high magnification of one ellipsoid shows the decreased
number of positive acid phosphatase cells in the ellipsoids
of day 8 zymosan-treated dog spleens. This reduction of
reactive ellipsoid cells and the increased positive red pulp
cells leads to very little contrast between the two. Acid
Phosphatase. X 750.

Figure

-Day 8 zymosan-treated dog ellipsoids (e) still fail to
show non-specific esterase activity. The surrounding
red pulp contains several positive reacting cells.
Non-Specific Esterase. X 750.

PLATE XVIII
Explanation of Figures

Figures 35
and
36 •

-By day 16, zymosan-treated dog spleens have an
appearance close to normal with the silver impregnation
technique. Ellipsoids are larger, less porous and more
distinct. The number of metalophilic red pulp cells has
been reduced from the day 8 group. Marshall’s Metalophil
Reaction. X 270 and X 400.

PLATE XIX
Explanation of Figures

Figure 37* -Acid phosphatase positive ellipsoid cells in day 16
zymosan-treated dog spleens are still migrating into the
surrounding red pulp* The number of both positive
ellipsoid (e) and red pulp cells has decreased so that little
contrast exists between the two* Acid Phosphatase. X 270*

Figure 38* -This high magnification of a group of ellipsoids in a
day 16 zymosan-treated dog spleen shows the very indistinct
ellipsoid cells* Acid Phosphatase* X 750*

PLATE XX
Explanation of Figures

Figure 39• -As in all other groups, the ellipsoids (e) are
negative for non- specific esterase activity* Reticulo
endothelial cell stimulation did not cause cells to
produce the enzyme, non-specific esterase* Non-Specific
Esterase* X 350*

Figure kO» -Upon stimulation, one sees the apparent migration of ellipsoid
cells into the adjacent red pulp (arrows)* Giemsa* X 750*

PLATE XXI
Explanation of Figures

Figure 41* -This photomicrograph shows the presence of ink in
ellipsoid cells of a normal cat which was injected with
ink one half hour prior to death* Host ink is found
within ellipsoids (e)* Very little is seen in the red
pulp* This indicates the great phagocytic activity of these
cells* Hematoxylin and Eosin* X 850*

Figure 42. -Cat ellipsoid cells are not phagocytic for injected ink
after 16 days of stimulation with zymosan. No ink was
present in either ellipsoid (e) or red pulp cells*
Hematoxylin and Eosin. X 850*

PLATE X X n
Explanation of Figures

Figure 43 • -Normal dog ellipsoid cells are highly phagocytic for
intravenously injected ink* Photomicrograph shows the
presence of ink in ellipsoids (e) of animals given an
intravenous injection of ink one hour prior to death.
Hematoxylin and Eosin. X 850.

Figure 44. -Dog ellipsoid cells remain phagocytic for intravenously
injected ink after treatment with zymosan. Photomicrograph
shows the presence of ink in ellipsoid cells (e) of a
16 day zymosan-treated animal. Ink was given intravenously
one hour prior to death. Hematoxylin and Eosin. X 850.

PLATE XXIII
Explanation of Figures

Figure 45* -Phagocytic ellipsoid cells have reached maturity
32 days after the single zymosan injection* Such cells are
now highly phagocytic for intravenously injected ink*
Sections were taken one half hour after the ink injection*
Unstained* X 270*
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37.92
52.14
54

51

CALCULATIONS
1

DAY

OF

3
4
5

6
7

8
9

10
11
12
13
14
15
16
17
18
19

20
21
22
23
24
25

WIDTH

ZYMOSAN-TREATED

METALOPHIL

1
2

AVERAGE

OF

CAT

ANIMALS

PHOSPHATASE

ELLIPSOIDS

IN

(microns)

ESTERASE

GIEMSA

H

& E

49.77
26.07
45.03
35.55
35.55
18.96
28.44
28.44
45.03
35.55
33.18
42.66
33.18
40.29
30.81
30.81
37.92
28.44
42.66
33.18
33.18
30.81
47.40
47.40
52.14

35.55
33.18
49.77
30.81
47.40
35.55
37.92
54.51
45.03
40.29
42.66
47.40
33.18
37.92
42.66
45.03
47.40
40.29
33.18
49.77
42.66
49.77
42.66
37.92
30.81

45.03
47.40
45.03
35.55
28.44
35.55
37.92
37.92
33.81
30.18
40.29
49.77
45.03
40.29
40.29
42.66
35.55
30.18
54.51
47.40
21.33
54.51
33.18
35.55
30.81

37.92
54.51
42.66
52.14
26.07
54.51
56.88
35.55
54.51
5 6.88
52.14
45.03
33.18
49.77
54.51
40.29
35.55
45.03
52.14
45.03
54.51
47.40
40.29
45.03
45.03

42.66
35.55
45.03
47.40
47.40
49.77
52.14
42.66
33.18
4 2.66
37.92
49.77
35.55
45.03
35.55
42.66
42.66
33.18
47.40
59.25
45.03
37.92
47.40
47.40
49.77

912.45
36.50

1033.32
41.33

978.18
39.13

1156.56
46.26

1094.94
43.79

CALCULATIONS
4

DAY

OF

AVERAGE

WIDTH

ZYMOSAN-TREATED

OF

CAT

ANIMALS

ELLIPSOIDS

IN

(microns)

N u m b e r of
Ellipsoids

METALOPHIL

PHOSPHATASE

ESTERASE

1
2
3
4
5
6
7
8
9
1u
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

30.81
21.33
37.92
33.18
30.81
28.44
26.07
30.81
37.92
Z •o o
35.55
47.40
35.55
30.81
23. 70
33.18
28.44
37.92
28.44
45.03
42.66
40.29
37.92
35.55
30.81

33.18
40.29
45.03
35.55
35.55
47.40
47.40
47.40
35.55
JU . o 1
37.92
33.18
45.03
45.03
47.40
35.55
47.40
37.92
40.29
30.81
42.66
40.29
33.18
35.55
49.77

45.03
35.55
49.77
42.66
26.07
33.18
33.18
30.81
42.66
45.03
37.92
28.44
37.92
40.29
42.66
33.18
35.55
42.66
37.92
42.66
30.81
33.18
47.40
37.92
45.03

56.88
45.03
59.25
47.40
37.92
54.51
52.14
52.14
47.40
4 9.77
54.51
45.03
47.40
52.14
45.03
42.66
47.40
54.51
35.55
42.66
37.92

52.14
47.40
42.66
45.03
40.29
37.92
42.66
45.03
40.29
33.18
52.14
45.03
4 7.40
49.77
35.55
37.92
37.92
47.40
40.29
47.40
37.92

45.03
49.77
45.03
61.62

40.29
49.77
45.03
47.40

853.20
34.13

1000.14
40.00

957.48
38.30

1208.70
48.35

1087.83
43.51

Total
Average

GIEMSA

H

& E

CALCULATIONS
8

DAY

OF

AVERAGE

WIDTH

ZYMOSAN-TREATED

OF

CAT

ANIMALS

ELLIPSOIDS

IN

(microns)

N u m b e r of
Ellipsoids

METALOPHIL

PHOSPHATASE

ESTERASE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

37.92
30.81
26.07
23.70
23.70
37.92
30.81
40.29
28.44
33.18
33.18
35.55
30.81
26.07
40.29
42.66
35.55
37.92
33.18
33.18
35.55
49.77
40.29
42.66
30.81

49.77
37.92
35.55
42.66
56.88
33.18
37.92
47.40
54.51
54.51
37.92
45.03
45.03
42.66
35.55
30.81
28.44
37.92
33.18
52.14
35.55
37.92
45.03
40.29
52.14

47.40
37.92
47.40
37.92
33.18
30.81
40.29
33.18
33.18
33.18
30.81
42.66
37.92
30.81
35.55
35.55
42.66
47.40
47.40
33.18
45.03
47.40
37.92
35.55
37.92

42.66
45.03
40.29
56.88
47.40
40.29
47.40
59.25
49.7 7
54.51
52.14
37.92
54.51
40.29
56.88
59.25
42.66
54.51
56.88
42.66
47.40
40.29
56.88
42.66
49.77

54.51
49.77
42.66
47.40
45.03
47.40
45.03
47.40
42.66
49.77
37.92
45.03
45.03
42.66
54.51
47.40
52.14
42.66
49.77
49.77
37.92
45.03
52.14
47.40
49.77

860.31
34.41

1049.91
41.99

962.22
38.48

1218.18
48.47

1170.78
46.83

Total
Average

GIEMSA

H

& E

CALCULATIONS
16

DAY

OF

AVERAGE

WIDTH

ZYMOSAN-TREATED

OF

CAT

ANIMALS

ELLIPSOIDS
(microns)

N u m b e r of
Ellipsoids

METALOPHIL

PHOSPHATASE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

35.55
47.40
42.66
26.07
35.55
23.70
40.29
33.18
28.44
40.29
23.70
35.55
37.92
26.07
45.03
42.66
21.33
33.18
33.18
33.18
40.29
35.55
28.44
33.18
52.14

28.44
52.14
40.29
42.66
49.77
30.81
37.92
40.29
72.66
33.18
40.29
35.55
30.81
33. 18
47.40
52.14
40.29
52.14
42.66
45.03
28.44
37.92
49.77
56.88
35.55

28.44
45.03
47.40
37.92

874.53
34.98

1056.21
42.65

Total
Average

IN

ESTERASE

GIEMSA

H

& E

45.03
45.03
37.92
4 2.66
37.92
37.92
40.29
35.55
37.92
42.66
30.81
40.29
40.29
33.18
30.81
40.29
28.44
45.03
35.55
42.66
37.92

47.40
42.66
47.40
56.88
47.40
47.40
71.10
61.62
59.25
47.40
56.88
49.77
42.66
45.03
52.14
49.77
42.66
52.14
54.51
40.29
45.03
54.51
40.29
56.88
40.29

54.51
49.77
54.51
49.77
47.40
59.25
52.14
45.03
59.25
42.66
45.03
54.51
47.40
42.66
35.55
40.29
47.40
49.77
35.55
45.03
59.25
49.77
45.03
40.29
56.88

966.96
38.68

1251.36
50.35

1208.70
48.33

CALCULATIONS

OF

AVERAGE

NORMAL

WIDTH

ANIMALS

OF

DOG

ELLIPSOIDS

IN

(microns)

N u m b e r of
Ellipsoids

METALOPHIL

PHOSPHATASE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

33.18
30.81
28.44
26.07
30.81
35.55
33.18
40.29
33. 18
37.92
33.18
35.55
28.44
30.81
52.14
47.40
37.92
26.07
35.55
33.18
30.81
26.07
35.55
45.03
28.44

37.92
52.14
45.03
47.40
26.07
40.29
33.18
47.40
52.14
42.66
45.03
49.77
47.40
52.14
47.40
35.55
47.40
35.55
42.66
59.25
54.51
42.66
54.51
52.14
40.29

59.25
47.40
42.66
52.14
49.77
45.03
35.55
45.03
47.40
47.40
47.40
37.92
45.03
52.14
45.03
42.66
37.92
52.14
45.03
35.55
40.29
42.66
47.40
45.03
45.03

45.03
40.29
40.29
35.55
37.92
40.29
42.66
47.40
42.66
40.29
37.92
37.92
49.77
45.03
37.92
47.40
45.03
33.18
45.03
40.29
45.03
42.66
45.03
40.29
42.66

855.57
34.22

1130.49
45,22

1132.86
45,31

1047.54
41.90

Total
Average

GIEMSA

H

&

E

CALCULATIONS
1

DAY

OF

AVERAGE

WIDTH

ZYMOSAN-TREATED

OF

DOG

ANIMALS

ELLIPSOIDS

IN

(microns)

N u m b e r of
Ellipsoids

METALOPHIL

PHOSPHATASE

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

35.55
28.44
23.70
23.70
42.66
47.40
40.29
28.44
26.07
3 U .8 i
28.44
23.70
26.07
26.07
37.92
23.70
37.92
28.44
35.55
33.18
42.66
30.81
35.55
37.92
33.18

47.40
52.14
37.92
35.55
47.40
52.14
59.25
54.51
35.55
5 2.14
49.77
45.03
40.29
42.66
45.03
40.29
35.55
42.66
49.77
49.77
49.77
54.51
42.66
40.29
42.66

56.88
42.66
45.03
40.29
42.66
45.03
54.51
59.25
45.03
33.18
42.66
59.25
42.66
56.88
47.40
45.03
42.66
33.18
4 2,66
49.77
33.18
54.51
35.55
49.77
35.55

45.03
47.40
47.40
37.92
40.29
47.40
4 2.66
49.77
47.40
5 2.14
37.92
40.29
33.18
35.55
40.29
37.92
42.66
49.77
37.92
33.18
42.66
45.03
33.78
45.03
33.18

808.17
32.33

1144.71
45.79

1135.23
45.41

1045.17
41.81

Total
Average

GIEMSA

H

& E

CALCULATIONS
4

N u m b e r of
Ellipsoids
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Total
Average

DAY

OF

AVERAGE

WIDTH

ZYMOSAN-TREATED

METALOPHIL

OF

DOG

ANIMALS

PHOSPHATASE

ELLIPSOIDS

IN

(microns)

GIEMSA

H

& E

40.29
37.92
35.55
37.92
33.18
35.55
33.18
37.92
21.33
lo•
30.81
37.92
30.81
47.40
45.03
33.18
35.55
40.29
28.44
35.55
30.81
23.70
28.44
40.29
35.55

49.77
52.14
42.66
47.40
42.66
47.40
54.51
59.25
40.29
4 7,40
54.51
30.81
35.55
49.77
63.99
37.92
45.03
47.40
42.66
52.14
47.40
56.88
49.77
47.40
54.51

42.66
47.40
33.18
52.14
49.77
52.14
47.40
40.29
47.40
40.29
47.40
45.03
45.03
52.14
42.66
37.92
54.51
45.03
40.29
40.29
37.92
54.51
42.66
47.40
45.03

42.66
45.03
33.18
40.29
37.92
45.03
47.40
49.77
42.66
40.29
40.29
47.40
40.29
40.29
47.40
42.66
35.55
42.66
45.03
37.92
45.03
37.92
45.03
42.66
40.29

865.05
34.60

1199.22
47.97

1120.49
44.82

1054.65
42.19

CALCULATIONS
8

N u m b e r of
Ellipsoids
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Total
Average

DAY

OF

AVERAGE

WIDTH

ZYMOSAN-TREATED

OF

DOG

ANIMALS

ELLIPSOIDS

IN

(microns)

GIEMSA

H

& E

METALOPHIL

PHOSPHATASE

30.81
40.29
35.55
26.07
42.66
40.29
23.70
35.55
40.29
33.18
40.29
28.44
37.92
40.29
33.18
37.92
28.44
54.51
37.92
42.66
28.44
30.81
37.92

52.14
49.77
61.62
54.51
47.40
54.51
35.55
56.88
37.92
47.40
42.66
59.25
56.88
42.66
47.40
45.03
54.51
45.03
54.51
37.92
56.88
49.77
61.62
42.66
54.51

52.14
35.55
45.03
42.66
49.77
37.92
47.40
52.14
49.77
42.66
40.29
40.29
45.03
40.29
42.66
49.77
54.51
4 2.66
45.03
47.40
40.29
47.40
52.14
45.03
37.92

49.77
30.81
47.40
49.77
33.18
30.81
37.92
40.29
37.92
45.03
49.77
45.03
49.77
42.66
37.92
35.55
47.40
26.07
45.03
42.66
47.40
49.77
54.51
42.66
47.40

905.34
36.21

1248.99
49.96

1125.75
45.03

1066.50
42.66

CALCULATIONS
16

N u m b e r of
Ellipsoids
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
Total
Average

DAY

OF

AVERAGE

WIDTH

ZYMOSAN-TREATED

METALOPHIL

OF

DOG

ANIMALS

PHOSPHATASE

ELLIPSOIDS

IN

(microns)

GIEMSA

H

& E

54.51
33.18
37.92
56.88
35.55
33.18
35.55
40.29
45.03
33.18
40.29
42.66
40.29
35.55
42.66
40.29
42.66
45.03
42.66
56.88
45.03
35.55
47.40
35.55
37.92

47.40
42.66
47.40
56.88
47.40
47.40
71.10
61.62
59.25
47.40
56.88
49.77
42.66
45.03
52.14
49.77
42.66
52.14
54.41
40.29
45.03
54.51
40.29
56.88
40.29

49.77
42.66
37.92
45.03
47.40
45.03
49.77
52.14
37.92
40.29
42.66
52.14
52.14
35.55
40.29
42.66
49.77
42.66
49.77
47.40
45.03
47.40
47.40
49.77
42.66

47.40
42.66
40.29
42.66
52.14
52.14
35.55
37.92
45.03
40.29
49.77
42.66
4 2.66
40.29
35.55
30.81
35.55
42.66
42.66
37.92
40.29
47.40
37.92
52.14
42.66

1036.69
41.47

1251.36
50.05

1135.23
45.41

1057.02
42.28

